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ABSTRACT. 


Hematite deposits at Steep Rock Lake, Ontario, in the northern 
part of the Lake Superior Region, are classed as hydrothermal 
replacements. A comparison is made with deposits of the Ver- 
milion and Marquette Iron Ranges and current hypotheses as to 
origin reviewed. 

In contrast to the generally accepted theories that these latter 
deposits were formed essentially by leaching, either surficial or 
hydrothermal, followed by concentration and compaction of iron 
minerals present in the iron formations so leached, the hypothesis 
is set forth that later, additional iron from deeper magmatic 
sources has been introduced and that replacement of brecciated 
iron carbonates and oxidized iron formations has taken place on 
a large scale. In this manner, the presence of clean, massive 
hematite at great depth is explained. 


THE recent discovery of hematite deposits within the Steep Rock 
Lake Basin in the northern part of the Lake Superior Region has 
caused a renewal of interest in the various hypotheses as to the 
manner of origin of iron ores. During the conduct of exploratory 
work at Steep Rock Lake, we have made intensive studies of the 
deposits occurring there and have arrived at the conclusion that 
they are hydrothermal replacements.’ 

Comparing these deposits with those of the deep mines of the 
Vermilion Range of Minnesota and those of Michigan, notwith- 

1A paper on the “Replacement Hematite Deposits, Steep Rock Lake, Ontario, 


Lake Superior Region” has been contributed by the authors to the American Insti- 
tute of Mining and Metallurgical Engineers, “Mining Technology,” 1943, 
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standing numerous major and minor disparities, we have found 
many resemblances in mineralogy, variety of intrusives, tectonics 
and geologic correlation. We therefore believe that all these oc- 
currences including those at Steep Rock have, in the main, a com- 
mon manner of origin. 

Our inquiries revealed also that there is a strong body of opinion 
among operating geologists to the effect that the prevalently ac- 
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cepted hypotheses as to the origin of the ores do not account satis- 
factorily for all the facts that have been coming to light in the 
deeper mines. These problems have not as yet been adequately 
dealt with in the literature. 


STEEP ROCK IRON ORES. 


As a starting point for our discussion, we outline briefly our 
findings at Steep Rock Lake. This area has long been of interest 
to pre-Cambrian geologists because of the presence of a singular 
occurrence of limestone. ‘This limestone has obviously been pro- 
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tected from erosion due to its position in an area of depression 
within a broad expanse of Archean rocks. 

The ores, as disclosed by drilling between 1938 and 1942, con- 
sist of massive, red hematite and brown hematite (crystalline 
goethite) ; these minerals are intermingled in about equal propor- 
tions. Throughout the ores are disconnected elliptical vugs, vary- 
ing from microscopic dimensions, to % inch in width, occasionally 
attaining spans measurable in feet. These vugs are most often 
lined with minute crystals of hematite, sometimes with crystals 
of quartz and carbonates. The larger part of the ore consists 
of a replaced breccia, the angular fragments of which are now 
goethite; these fragments vary for the most part from % inch 
to %4 inch on a side and are cemented by red hematite. 

The deposits are expected to produce ore of the following grade, 
similar to Old Range Bessemer ores of the Vermilion and Mar- 
quette Ranges, 


Per cent 
EE POTIPA oh aco es 4 aks wae ois Sea eT e eee 61.30 
RASAEMROMATIETES, “555, c0e Sd bs areas Ae eee 9, bis Bide .020 
PAIR Cece rsh ah srals. Sin''s]e bre 6-5 6S6re biel Ore aoe ace ee 3.09 
ARMA NOGR 5. be \ihos yAc0'6 siereiotthe eee Reve .20 
PEE yas eke Bx d ek Vee Gee eo ale eles 81 
MCCS STR sie iienieb Cave oacete soles 8:Oe has 32 
LE Ca Scare ea iors mere er 27 
BOTNECNELE td e bin J6 0h gk 0 0-8 0.9 eck Motele rh ah Ora ales 039 
SOME POV I BETLILLON o's 5 oie 0/e.0'¥ie.9 9 9.0 8°6 wie 8 7.57 
REMMI a's siateinrs oa we ire picts BORG oles 7.00 
RIC WINMLULEL “o\e'ds 3 os CU uw ec sies s Mcae 57.00 


The ores are found in quantity along the northern edge of the 
Steep Rock basin, at the unconformable contact between the old 
limestone mentioned and the overlying greenstone. The geologic 
succession resembles that of Northern Michigan where similar 
limestones, the Randville and Kona Dolomites of Lower 
Huronian age are succeeded by volcanics. We have correlated the 
Steep Rock Volcanics with the Hemlock Volcanics (Early Middle 
Huronian). At Steep Rock, the contact between the limestone 
and the volcanics was the locus of extensive deformation and brec- 
ciation ; within this zone, the ore deposits were formed. 
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Because the characteristic banded iron formations present in 
many parts of the Lake Superior Region are absent, we were com- 
pelled to seek a theory of origin for the ore other than those which 
have usually been postulated. We found no evidence that the ore 
deposits could have developed from the oxidation of sulphides or 
the weathering of the limited amount of iron carbonate present. 
Hence we considered the possibility that the Steep Rock ores were 
formed as primary replacements by ascending magmatic solutions. 
T. L. Tanton (21) * of the Geological Survey of Canada pre- 
sented a paper in 1941 to the Royal Society of Canada, wherein he 
states that “it is probable they (the Steep Rock ores) were intro- 
duced by ascending mineralizing solutions.” This process has 
been assigned to the genesis of valuable iron deposits elsewhere in 
many parts of the world. The geologic succession at Steep Rock 
may be tabulated briefly as follows: 


Table of Formations. 
Post-Steeprock Acid and basic minor intrusives. 


Intrusive Contact. 


Steeprock Volcanic Intermediate and basic lavas with inter- 

Formation calated sediments. Intermediate and 
(formerly classified basic tuffs and agglomerates genetically 
as Keewatin) related to the above lavas. 


Erosional Unconformity. 


Steeprock Sedimentary Limestone with minor amount of clastic 
Formation sediments. 


Erosional Unconformity. 
Pre-Steeprock Older, grey granite and included green- 
stone. 
Note: (a) The Steeprock volcanics are here differentiated from the Keewatin and 
classified as younger than the Steeprock sediments. (b) The Seine or Couchiching 


formation to the south which has been subject to much controversy is believed to 
have no direct relation to the ore and is not discussed here. 


Acid and basic differentiates, the latter in great quantity, con- 
taining much magnetite and ilmenite are found throughout the 
Steep Rock basin. From the same source that supplied these dif- 


2 Numbers in parentheses refer to Bibliography. 
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ferentiates, there may well have been emanations that developed 
hematite in the previously mentioned breccia zones, at the north 
rim of the basin. Evidence of the activity of such emanations 
is the dolomitization and silicification of the breccia and limestones 
adjacent to the contact, followed by subsequent replacement by 
hematite within this breccia zone. The replacement proceeded 
outward from the contact with diminishing intensity, 7.e., at a dis- 
tance from the ore there is relatively pure limestone. Replace- 
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ment also took place in the greenstone of the hanging walls, close 
to the contact. There the ore, so formed, is dominantly red hema- 
tite in which the relict forms of the replaced greenstone schists are 
preserved. Typical specimens of the hanging wall greenstone 
ore-material have been studied microscopically by G. M. 
Schwartz,’ who concluded that they show clear instances of “ 
placement of greenstone by hematite, goethite and calcite.” 

The presence of disconnected vugs with crystal linings, that 
occur throughout all part of the orebodies, may be evidence that 
the emanations, in some phases of their activity at least, operated 


3 Private Report. 
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as gases or vapors. The prevalence of the hydrous iron-oxide 
goethite, containing water of crystallization, suggests that one of 
the chief ore-carriers may have been water, acting under such con- 
ditions of temperature and pressure that it functioned as a true 
vapor, particularly in the earlier stages of ore deposition. The 
final expression of magmatic action resulted in post-ore quartz, 
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carbonate stringers and vug-filling. Figures 3 and 4, block dia- 
grams of portions of the “A” and “B” orebodies show the attitudes 
of the deposits and their relations to the wall rocks. 


OXIDIZING EFFECT OF LIMESTONE IN GENESIS OF 
STEEP ROCK DEPOSITS. 


B. S. Butler (28) in making a broad study of limestone con- 
tact-deposits, in 1923, wrote a paper on the high ferric content of 
limestone-contact-zones. This paper is particularly applicable to 
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the matter in hand. It is obvious that limestone, or dolomite, in e 
its ultimate decomposition will yield abundant oxygen. . 

The contrast between the mineralogy of ores on the Atikokan 

Range, situated ten miles to the east of Steep Rock Lake where I 
iron sulphides and magnetite prevail, and at Steep Rock Lake «“ 
where the ores are hematites, is a striking one. Both sets of de- " 
posits are found along the same general zone of deformation and e 
in proximity to the same type of intrusives. Adjacent to the 


limestones, at Steep Rock, hematite has been deposited, on the 
Atikokan, where there is neither limestone nor other conceivable h 
source of abundant oxygen in the basic schist host rocks—the sub- 


oxide of iron and sulphides were deposited. The iron, phos- i 
phorus and silica content in both sets of deposits correspond in p 
minute detail. tl 


At Steep Rock Lake there are practically no sulphides except 
at the feathering ends of the orebodies, resembling the deposits E 
of the Vermilion Range in that particular, but in the Atikokan de- 


posits, the sulphur runs 20 per cent. Possibly within the wide f ‘ 
breccia zones in the Steep Rock Lake basin, the extreme com- 
minution of the dolomitized limestone may have made the oxygen é 
of the limestone readily available to the iron of the invading h 
solutions. 
r 
ORES OF VERMILION AND MICHIGAN IRON RANGES. ( 
Although there has been much discussion concerning “hydro- : 
thermal leaching” in recent geologic studies of other parts of the | th 
Lake Superior Region, the process of metasomatism, implying | st 
molecule by molecule replacement by iron through the agency of a 
hydrothermal solutions has not been adequately treated. We be- rm 
lieve this type of replacement has had important effects in the 
development of the deep-seated iron-ore deposits of the Vermilion I 
and of some of the Michigan Ranges. By replacement, in this : 
sense, we mean the chemical substitution of iron in the form of by 
hematite within host rocks, particularly within oxidized, banded v 
iron-formation and iron carbonates, as well as nearby greenstones. n 


This process entailed also the removal in solution of the mineral 
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substances so replaced; the gist of the matter is that in many 
instances the two effects were simultaneous. 

Collins in 1926, found abundant evidence, in the Michipicoten 
District of Ontario, that at least two of the lower members of the 
“iron formation” there had directly replaced associated igneous 
rocks on a large scale. ‘The replacements took the form mainly of 
siderite and pyrite with some substitution of hematite and 
magnetite (6). 

In 1895 Smyth and Finlay, in discussing the ores of the Soudan 
Mine on the Vermilion Range, brought out the fact that the 
places where ore deposits occur in large masses are “those in which 
igneous intrusives both acid and basic have been brought into 
peculiar attitudes with reference to the jasper by the folding which 
the series has undergone” (7). 

The works of Irving, Van Hise, Leith, Mead, Clements and 
Bayley are replete with descriptions and illustrations of replace- 
ment phenomena in the ores of the Vermilion, Gogebic, Marquette 
and old Menominee Ranges, but the detailed replacement-sequences 
and relict forms to be observed are ascribed wholly to the action 
of meteoric waters (8). Without making it his main and under- 
lying thesis, Gruner in 1926 discussed the process of hydrothermal 
replacement, in treating the origin of the Ely ores on the Vermilion 
(9). He says: 


A suggestion as to the origin of the Ely ore would be somewhat like this: 
Numerous intrusions brecciated the brittle Soudan formation throughout 
the trough. Ascending hot solutions oxidized most of the iron, and dis- 
solved and replaced the quartz by secondary hematite, calcite, and dolomite, 
and on the east end of the trough in part by siderite. Some pore-space 
may have been formed by leaching of quartz. 


He then subjoins a significant footnote : 


It is difficult to form an opinion as to whether leaching by the ascending 
waters or replacement was more dominant in certain portions of the ore 
bodies. Dr. C. J. Muller of the Oliver Iron Mining Company called the 
writer’s attention to the finding of large vugs and cavities in the Soudan 
mine. These cavities may reach the dimensions of a small room and are 
lined with beautiful, large crystals of specular hematite, quartz, pyrite and 
velvety chlorite. Usually they have paint-rock as one of the walls and 
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jasper on the other sides. If the ore had been metamorphosed at Soudan 
(after formation by descending waters) the paint-rock should have been 
squeezed into the cavities and metamorphism should have closed most of the 
pore spaces as Dr. Muller pointed out to me. 


In these opinions Dr. Muller was supported by the observations 
of Mr. J. F. Wolff of the Oliver Iron Mining Company staff who 
is quoted as follows: 


Both Dr. Muller and myself are of the opinion, which I have held for 
a long time that the Ely ores, and the Soudan ores also, have developed 
through the leaching action of thermal ascending waters, rather than 
meteoric waters together with deposition of secondary iron oxides, re- 
cementation of residual oxides thereby and consolidation of the ores by 
slumping. 


But for the most part, in this article (1926), Gruner lays em- 
phasis on the leaching action of hydrothermal ascending waters 
rather than on the introduction of iron by metasomatism. In 
subsequent papers he follows the same angle of approach, recording 
the results of hydrothermal oxidation and leaching experiment (9, 
10, 11). 

The central fact that requires explanation 1s the presence of 
clean, massive hematite in great volume at depth; the removal of 
silica is but one part of the process; this has quite largely occupied 
the attention of observers to the exclusion of the means by which 
the iron itself was introduced. Iron is one of the most protean 
of elements chemically and takes varied forms, both at the surface 
of the earth and at depth. It undergoes changes by the interaction 
of many geologic agencies and the operation of any one process 
by no means excludes the action of another at a later time. 

In discussing the origin of banded iron-formations. Leith (12) 
states that: 


Study of the origin of the iron formation since publication of Mono- 
graph 52 has not appreciably modified the conclusion therein reached, 
namely that both weathering and igneous processes have played a part 


4 Similar vugs are characteristic of Steep Rock ores, but they are smaller in size 
and occur throughout the ores themselves. They are lined most often with minute 
hematite crystals, sometimes with quartz crystals. WVugs are found also within the 
Vermilion ores, but of smaller size than Muller describes in the note above. 
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in bringing the iron salts together and that both chemical and organic 
processes have caused their precipitation. The quantitative ranges of 
the different processes are still conjectural. Points of view and emphasis 
are determined more or less by the particular area studied and the region 
shows so wide a variety of conditions that differences in perspective among 
different investigators are not surprising. No one is yet qualified to make 
flat assertions as to the origin that will apply to all parts of the region. 
The great and as yet unsolved problems are why and how these materials 
came into solution in so great concentration and so vast a scale. Where 
formations of banded iron and silica, containing almost no other sedi- 
mentary materials have been produced with a thickness of 600 to 1500 
feet and areas of thousands of square miles, the effective processes whether 
of weathering or igneous contribution must have been on a scale without 
counterpart in any process observed today. 


This statement, the necessary changes being made, would apply 
not only to the development of the iron formations but to the iron 
orebodies themselves. Writing of the deposits of the Michigan 
Ranges, Royce (13) states that the ore deposits “even in good 
areas are confined to one or two per cent of the total volume of the 
iron formation.” Before discussing these, we may profitably 
glance back to the work of Foster and Whitney (14), “United 
States Geologists,’ who in 1851 made the first studies on the “ores 
of iron” in Michigan. When they came to consider the theory of 
the ores, they asked these questions : 


1. Are they Veins or Beds? 
2. Are they of Igneous or Metamorphic Origin? 


While they confused the iron-formations and the orebodies within 
them and had no adequate conception of the effects of anamorphic 
processes, their answers, made in the somewhat stately scientific 
language of their generation, are not inappropriate today. 

On the whole, we are disposed to regard the specular and magnetic oxide 


of iron as purely igneous product, in some instances poured out, but in 
others sublimed, from the interior of the earth. 


Discussing other occurrences, they say: 


We are disposed to regard (them) as a result of aqueous deposition, al- 
though the materials may have been derived from the ruins of purely 
igneous products. 
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A recent writer, J. A. Dunn (15) of the Geological Survey of 
India, in 1941, ascribes the origin of the banded iron-formation 
in the pre-Cambrian of India to 


beds that were originally deposited as fine bedded ferruginous tuffs (which 
became oxidized), and more normal ferruginous sediments, and that sur- 
face and sub-surface silicification of these, more or less contemporaneous 
with their deposition, under the action of solutions partly magmatic in 
origin, gave rise to the banded jaspers and cherts. The cherty nature 
of the silica was determined by the low temperature condition of deposition. 


The sedimentary and igneous aspects of the situation are quite 
as intimately united in this statement as in that of Foster and 
Whitney made ninety years ago. 


ORES OF THE MESABI RANGE CLEARLY THE RESULT OF 
WEATHERING PROCESSES ACTING ON BANDED 
IRON-FORMATION. 


Among the “ruins of purely igneous products” and the “result 
of aqueous deposition” are the flatly dipping iron-formations of 
the Mesabi Range; their development was aided in all probability 
by the nearby outpouring of “solutions partly magmatic in 
origin.” This range was discovered some forty years after the 
time of Foster and Whitney. On the Mesabi about 8 per cent 
of the area of unanamorphosed iron-formation has yielded ore- 
bodies. The ores as a whole are of much finer texture than 
those of any other Lake Superior District and for that reason are 
quoted at lesser prices in the Lake Erie market. The reasons for 
this unlikeness in texture or “structure” as it is called in the 
trade, have received little attention. May not the difference be 
due to the operation of quite diverse geologic factors? 

The authors of Monograph 52 (8) attribute the development 
of the ores on the Mesabi in their final stages to weathering 
processes and the flow of surface waters which have operated 
under favorable, structural conditions upon the iron-formation, 
that is to the same weathering processes which have acted to 
produce any lateritic iron ores in the tropics. 
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Surely to one who has visited the iron ore regions of Minas 
Geraes, Brazil (27), these weathering processes seem adequate to 
form the relatively shallow-seated deposits on the Mesabi. The 
Mesabi ores are found upon the exposed portion of the flatly- 
dipping Biwabik formation, but do not extend below the Vir- 
ginia slates that overly the Biwabik formation to the south. This 
is shown clearly in Fig. 9 of the paper by Stephen Royce (13) in 
the Handbook of Lake Superior Iron Ores (page 48). The iron 
ores of Brazil (27) are similarly distributed and disposed upon 
the underlying itabirite (iron formation). Referring again to 
Royce’s illustration, it is instructive to compare his cross-sections 
of the Mesabi with the illustrations that appear elsewhere in the 
same article showing more deep-seated deposits on the other 
Ranges in the Lake Superior Region. The authors of Monograph 
52 (8) state that “the alterations of these rocks (the banded 
greenalite rocks of the Mesabi) to ore has been accomplished in 
two stages, mainly successive but partly overlapping, first by 
alteration to ferruginous chert; second by leaching of silica from 
the ferruginous chert,” and go on elsewhere in the same volume to 
say 


Field observation shows that infiltration of iron is very slight in this 
district (Mesabi) and hence any shortage of pore space (developed by 
leaching) must be explained by slump. Calculation shows that on an 
average this slump amounts to approximately 45 per cent of the volume 
of the original taconite, which gives a vertical slump of 82’ for every 100’ 
depth of ore.5 This figure though apparently large, is well in accord 
with the observed facts. 


Although Gruner recently attributed the leaching of the Mesabi 
iron-formations to hydrothermal waters, others have taken ex- 
ception to his views, particularly Royce in a discussion on “Hydro- 
thermal Leaching of Iron Ores” (16). 


5 That is to say, in order to produce 100 feet of ore, an original thickness of 
182 feet of taconite must have been decayed by weathering, the silica removed in 
solution and the resulting porous iron ore partially compacted by its own weight. 
As a result of this mechanical, downward transfer of iron oxides, the compacted ore 
thereafter would have a thickness of about 100 feet. This ratio would apply what- 
ever the depth of ore at any one place. 
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ORES OF VERMILION, GOGEBIC AND MARQUETTE RANGES. 


The authors of Monograph 52 also discuss the Ely ores of the 
Vermilion Range: 


Comparison of the volume compositions of the ore and jasper shows 
the removal of a large amount of silica from the jasper. In order to 
sufficiently reduce the silica content, it is necessary that silica equivalent to 
63.7 per cent of the volume of the jasper be removed. The average por- 
osity of the ore is approximately 22 per cent of its volume; hence the 
remaining space left by the removal of silica or 41.7 per cent of the 
volume of the jasper has been filled by infiltration of iron and by 
mechanical slumping of the ore. The relative importance of these two 
factors cannot be definitely determined, but it is known that both have been 
effective. 


In treating Gogebic ores, they state 


the following changes have taken place—(a) decrease in silica, (6) in- 
crease in pore space, and (c) increase in iron, Remoyal of silica with- 
out introduction of iron or mechanical slump would increase the porosity 
in proportion to the amount of silica removed. ... In the actual case 
known, the relative volume of the iron mineral increases from 26.83 per 
cent in the cherts to 52.18 per cent in the ores. This could be accom- 
plished in two ways, by mechanical slumping or packing of the material, 
weakened by too great a porosity, or by infiltration of iron... it is im- 
possible to tell which of these processes, slumping or infiltration, is more 
important. Observation shows, however, that slumping has been im- 
portant, but that introduction of iron has taken place to a much greater 
extent than it did in the concentration of the Mesabi ores. 


Their discussions on the ores of the Marquette district are simi- 
lar. A few sentences relating to the Marquette are worthy of 
note— 


An examination at many localities shows this transition from the banded 
ore and jasper to take place as a consequence of the removal of silica and 
the partial substitution of iron oxide. In many instances the fine grained 
part of the ore is that of the original rock and the coarser crystalline 
material is a secondary infiltration. It is not uncommon, however, for 
the ore deposits to terminate abruptly along joint cracks or fractures. 


If this were a description of a fine-grained lead and zinc re- 
placement deposit in quartzite at some western mining camp, such 
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as the Coeur d’Alene district, it would serve quite as well, with due 
alteration of particulars. In these excerpts relative to the volume 
changes from chert and jasper to ore, the term “infiltration” of 
iron is used; this can hardly be intended to convey the idea of iron 
oxide carried in suspension, except to a minor degree. But, in ad- 
dition to filling pore space and fractures by chemical effects, 
“infiltration” must mean, in the main, “substitution” of iron 
oxide, chemically, as used in the description of a Marquette ore. 

On the Gogebic, Vermilion and Marquette Ranges the amount 
of iron-mineral, i.¢., iron-oxide has practically doubled in any given 
space when the change has taken place from ferruginous chert or 
jasper to ore. Earlier investigators have supposed that the in- 
crease of iron came from slumping and subsequent compres- 
sion of the ore by folding. This seems very doubtful on the 
Vermilion, at least, since disconnected vugs lined with fragile 
crystals are distributed through the ore and at the walls of the ore- 
bodies; thus a great part of the increase of iron must have come 
in by means of chemical migration. 


TRANSFER OF IRON. 


Let us examine the implications involved in the transfer of iron 
necessary to produce a block of 1,000,000 tons or roughly 
10,000,000 cu. ft. of iron ore on the Vermilion Range, on the 
hypothesis that this transfer took place by the downward action 
of surface waters. In order to obtain the 100 per cent increase 
in volume of iron-oxide in the space now occupied by ore, namely 
within the 10,000,000 cu. ft., it would have been necessary, in 
order to make room for the additional iron that came in, not only 
to break down and remove silica from this 10,000,000 cu. ft. of 
jasper, but at least from another 10,000,000 cu. ft. of jasper above, 
in order to obtain a source for the required increase in iron. This 
would be true whether the downward transfer of iron came about 
mechanically, chemically or by some combination of the two 
processes. 

It will not do to say that the ores on the Vermilion Range were 
formed in a period earlier than the folding, for at Ely the axis of 
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the trough is the axis of the orebody. In Monograph 52, the 
authors say of the Section 30 Mine on the Vermilion: 


There is little doubt that these orebodies are developed along the axial 
lines of the pitching folds in the jasper. Their greatest dimension is in 
the direction of pitch. 


It is to be noted also that in this mine, dikes of quartz-porphyry 
were found closely associated with the ore in the centers of the 
folds; vugs were abundant in the ore taken from the Section 30 
Mine. 

In the deposits of the Vermilion, Gogebic and Marquette 
Ranges, found at depths of from 2,000 to between 4,000 and 
5,000 feet along flatly raking structures in which the ore is buried 
beneath great thicknesses of massive cherts, jaspers, and green- 
stones, the whole conception of the transfer downward of the 
quantities of iron necessary to produce the ore, is involved in great 
chemical and mechanical difficulties. Did the iron go into solution 
after the iron-formations were in the ferric state? This seems 
hardly possible because of the extreme resistance of ferric iron 
to all types of weathering. Mechanically, the transfer seems 
equally difficult because the formations adjacent to stopes in these 
mines do not show arly great amount of slump, such as is clearly 
evident on the Mesabi. 

We believe that the migration of iron minerals on the Mesabi 
was largely mechanical and downward but that migration of iron 
on the Vermilion, Gogebic and Marquette was for the most part 
originally upward and chemical, and to a minor degree down- 
ward and subsequent ; also these differences in the mode of trans- 
fer of iron are in all probability the fundamental reasons for the 
great variance in texture or “structure” of the two types of ore. 

We shall not attempt to fit every orebody in the Lake Superior 
Region into one Procrustean bed. Doubtless many of the deposits 
of the Cuyuna Range and Crystal-Falls-Iron River districts are 
of the same nature in regard to secondary movement of iron as 
the Mesabi deposits. The upper reaches of the Gogebic Range 
deposits have been reworked by surface waters, possibly masking 
earlier, more deep-seated processes. The deposits at Ely on the 
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Vermilion have been jointed in the zone of fracture and some- 
what minutely brecciated, particularly in their upper portions, as 
contrasted with those of the Soudan Mine which have not been 
so affected; thus surface waters have made entry into the Ely 
deposits and superimposed their effects by “infiltration” upon the 
original hydrothermal replacements. But it does not appear that 
this process improved the grade of the ore to any appreciable 
degree. At depth the Ely mines are coming to have a higher pro- 
portion of “hard ores.” 

Gruner has broken valuable new ground in his articles on 
“Hydrothermal Leaching of Iron Ores of the Lake Superior 
Type” (10) ; the array of evidence which he presents to show the 
effects of hydrothermal activity in the development of deposits on 
the Gogebic, Marquette and old Menominee ranges is convincing, 
but, we believe, is more valuable as making evident the introduc- 
tion of iron metasomatically by heated solutions, rather than as 
the accompaniment of a separate process of hydrothermal leaching 
of silica. 


INSTANCES FROM THE CRYSTAL FALLS DISTRICT AND THE 
MARQUETTE RANGE. 


The limits of this paper do not permit us to multiply instances 
or to discuss anomalies, but we may cite one or two appropriate 
illustrations from the Michigan Ranges. Figure 5 shows sections 
of the old Mansfield Mine in the Crystal Falls district of Michigan 
which have been taken from Clements in the Crystal Falls Mono- 
graph (17). Between 1890 and 1913, this mine produced 1,462,- 
504 tons of hard, brown, non-Bessemer hematite and was worked 
to an ultimate depth of 1517 feet. Clements notes as follows 
regarding this property : 


An examination of the cherts and rocks of the area shows that the ore 
is a chemical deposit, or the result of a replacement process by which the 
original rock was largely removed, and its place taken by the present ore. 


He then goes on to attribute the replacement to the action of sur- 
ficial waters. The Mansfield orebody varied from 16 to 32 
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feet in width and had a somewhat indefinite length up to 500 feet thea 
along the strike. The strike of the ore zone is quite uniformly wat 
north and south. But little minor folding has been imposed 
upon the monocline that contains the ore zone, as is shown by the 
regular 80° dip on the cross section.° 

The workings are situated near an area of scattered, basic in- 
trusives in the Crystal Falls district. Note on the cross-section 












































SKETCH OF THE MANSFIELD MINE AS IT WAS REFORE IT CAVED IN, IN 189) 
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that the ore filled up the space fully between the black slate in the 
footwall and the red slate on the hanging wall; it is difficult to 
conceive of just how the decay and degradation of the iron- 
formation above could have yielded sufficient iron to supply the 
amount that must have migrated in to form the orebody, on the 
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6 William H. Crago, Consulting Mining Engineer, has given the authors much 
precise information regarding the Mansfield orebody and valuable suggestions as to sol 
the inferences that may be drawn from geological conditions there. His comments 


during the preparation of other portions of the paper have also been most helpful. 
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theory that the orebody was developed by the action of surface 


waters. 
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Finally, in Fig. 6, we show a diagram of the Isabella Mine in the 


southeastern part of the Marquette district. 


Between 1916 and 


1934, this property had a production of 1,965,020 tons of 
Bessemer, hematite ore. As may be seen from inspection of the 
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diagram, the long axis of the orebody lay along the axis of the 
fold. The ore developed at a favorable horizon within the 
Negaunee iron-formation and was formed in greatest thickness 
against the southerly side of an unaltered intrusive dike where ore 
replaced the entire depth of a susceptible member. From there it 
followed up the axis of the fold along the top and bottom of this 
member. On any theory of origin, the ore cannot be conceived 
as having been formed before the folding. The ore next to the 
dike was of the semi-hard variety and contained specularite. At 
one time the senior author of this paper believed that the ore 
had been formed before the dike came in and had been meta- 
morphosed subsequently by the intrusion of the dike. The 
hardness of the ore could not have been imparted by folding since 
the dike itself has suffered no folding. How much more rational 
it would be to assign the whole set of phenomena to replacement by 
solutions that came from depth, which, for their path, utilized the 
openings made by the dike that cut across an open fold in the iron 
formation. The solutions may be conceived to have found tem- 
porary lodgement by the replacement of the most amenable bed in 
the whole succession of beds of iron-formation available there; 
having dropped their burden of iron by replacing chert, they made 
their way on upward, carrying a load of silica in solution instead of 
iron. The fold in an amenable bed, with a relatively impervious 
basement, would have been quite as favorable a locus for rising 
solutions as for descending surface waters. Since the time of 
deposition of the ore, the whole structure has been fractured again, 
and surface waters have penetrated the ores along planes of joint- 
ing and brecciation in the center of the trough, but did not affect the 
original ore in the thickest zone near the dike to so great a degree. 
Hence it is called “semi-hard” ore; it is however, different from 
the “hard ore” found in pockets at the top of Negaunee formation 
at the base of the Goodrich quartzite. This “hard ore” was no 
doubt formed on a pre-Goodrich crosion surface and later ana- 
morphosed by the folding. 
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GENERAL DISCUSSION ON HYDROTHERMAL REPLACEMENT IN THE 
LAKE SUPERIOR REGION, 


Referring back to the ore that clung to the side of the diabase 
dike in the Isabella Mine and considering the manner in which ores 
of a similar type are found in proximity to dikes and sills on the 
main Marquette Range and on the Gogebic Ranges, we may well 
infer that the occurrences lend themselves to a common interpre- 
tation. A trenchant description of conditions on the Marquette 
Range will be found in an article by E. L. Derby, Jr. (20). We 
believe that the openings adjacent to the intrusives that he de- 
scribes, facilitated the passage of iron-bearing solutions toward 
surface and permitted their ingress into situations favorable for 
replacement. 

Passing in review the geologic history of these areas, where 
could there be a more likely locus for the upward-rising of such 
solutions than in the deeply folded basins of the Marquette, 
Menominee and Gogebic Ranges? We have, in just those areas, 
great thicknesses of iron formation which in themselves are. the 
best possible evidence that the depths of the earth in those localities 
did yield an abundance of iron. No doubt much more iron 
remained at depth in the magmatic state, ready to move and be- 
come “fluid” whenever deformation would permit the openings. 
That this condition prevailed, is shown by the iron formations, 
basic lavas and basic intrusives that were laid down or emerged 
from geologic period to period; this condition existed throughout a 
whole geologic epoch, namely during all of Algonkian time. 
Wherefore there was an abundance of material to supply the basic 
dikes containing a high percentage of iron that were intruded into 
the structures in the iron formation during and at the close of the 
folding on the Marquette and Gogebic Ranges. Particularly, 
there was an abundance of magmatic material that came from 
the same source to supply the iron-bearing solutions, in those 
vicinities where the dikes had preceded and made a way for them. 
To account for the manner of entrance of both the dikes and the 
iron-bearing solutions that followed subsequently, Mead’s theory 
of dilatancy may well be invoked (18), nor should the gaseous 
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or vaporous phases of the emanations be overlooked in this 
connection. 

In most mining districts the world over, where replacement 
processes have been dominant in producing important deposits of 
the various metals, their genesis has been attributed essentially to 
igneous after-effects. But ores of this type in great quantity are 
not usually found in close proximity to main intrusive masses. 
Where they do so occur they are known as contact metamorphic, 
pyrometasomatic deposits (19) or magmatic segregations. So on 
the Gogebic Range, the replacements have not been developed on 
the eastern and western ends except in meager quantity. There, 
the iron-formations have been anamorphosed by the proximity of 
stocks of granite and large masses of gabbro. But ores in great 
quantity have been developed in the central part of the district, far 
distant from such great intrusive masses and, in this central por- 
tion, the iron formations were unaffected by contact-meta- 
morphism. 

So also on the Marquette, the ore deposits occur in an area of 
dikes and sills where anamorphic processes were least active, and 
have not developed to the westward near Michigamme where 
batholithic masses of intrusives are now exposed at surface. 
That is to say, the metamorphic minerals found in proximity to 
these intrusive masses, 1.¢e. crystalline quartz and iron silicates 
in the form of grunerite, were no more amenable to replacement by 
heated solutions than to breaking down by surface waters; but 
banded, ferruginous cherts, oxidized and broken in the gone of 
fracture or iron carbonates so broken and nearby greenstones 
would, according to all chemical and physical considerations, be 
ideal host rocks for replacement by upwardrising, iron-bearing 
solutions and accompanying vapors. It is in precisely such an 
oxidizing environment that hematite would have been the replac- 
ing mineral rather than siderite, pyrite or magnetite. These are 
the conditions that may be presumed to have prevailed in the cen- 
tral portions of the Gogebic and Marquette ranges after the fold- 
ing and intrusion by dikes remote from the main body of great 
batholiths below (13, 20). 
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In furtherance of this general thesis, it is to be noted that the 
ores at Ely on the Vermilion were not introduced into extremely 
metamorphosed iron-formations, for magnetite and iron-silicate 
minerals do not exist in great quantity there; this is shown 
by the fact that no magnetic attractions are to be found across the 
Ely trough. The deposits in this trough were also formed well 
within the center of the Keewatin area, relatively distant from 
contacts with intrusive batholiths that are found to the north and 
south. The pockety deposits of the Section 30 Mine are found 
much closer to the granite and within a highly magnetic iron- 
formation. At the Soudan Mine there are no magnetic attrac- 
tions in the immediate vicinity of the ore deposits, although at 
a short distance from them along the strike, the iron formations 
are highly magnetic. 


CONCLUSION. 


In brief, all geologic processes that are known to be capable of 
transferring iron must be given their due weight in unravelling 
the manner of origin of the various iron ore deposits in the Lake 
Superior Region and this according to the evidence available in 
each particular situation. 


DututH, MINNESOTA, 
ATIKOKAN, ONTARIO, 
October 15, 1942. 
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ABSTRACT. 


A small pyrrhotite-pentlandite-chalcopyrite deposit between 
Lawrence and Lowell, Massachusetts, occurs in a Paleozoic 
noritic stock in Cambrian quartzite. The norite varies somewhat 
in composition. The deposit has been worked at various times 
for gold, silver, iron, copper, and nickel. Spectrographic analy- 
sis of the pyrrotite shows a small content of nickel and cobalt. 
The ore minerals, formed subsequent to the crystallization of the 
silicates, are those characteristic of this type of deposit, but show 
several interesting mineragraphic features. Pyrrhotite consist- 
ently has oriented exsolution blades. Pentlandite has been in- 
completely replaced by violarite, which is seen as a gridwork 
within the pentlandite crystals. Both magnetite and ilmenite are 
present, the latter chiefly in the country rock. Magnetite shows 
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several different habits and associations, which indicate that sev- 
eral periods and modes of formation were operative. Marcasite 
replacement of pyrrhotite was a supergene process. Mineralogic 
and mineragraphic data coupled with field evidence indicate that 
the ore was deposited in the period when magmatic action was 
nearly finished but strong hydrothermal action had not yet be- 
gun—forming the type of deposit termed by Bateman (1942) as 


: : pbs 3 te eT LEGEN 
late-magmatic residual liquid segregation and injection. Fane 
‘i ré 
INTRODUCTION. C%<A 
THE nickel ores of Dracut Township have been known for many j Andov: 
gran 


years. Some underground exploration was done, but the old 
workings have long been abandoned. Geologists from time to 


= 


time have been attracted by the interesting character of the ore Dracu 
rock, but the results of brief studies only have been published. | saiaas 
The areal geology of the surroundings of the sulphide deposit is 

obscure, and no detailed petrographic or mineragraphic studies Z 
have been made. ' ior: 


Field mapping by the author was begun in the fall of 1941 and ene 


was continued through the winter. Laboratory investigations of 





thin and polished sections revealed relationships sufficiently clear to Olizocl 
. . . . . glauco; 
permit classification of this deposit. ach! 


Location of Intrusive. The Dracut norite is a stock on the 
north side of the Merrimack River between Lowell and Lawrence, 

Massachusetts. The rock outcrops over an area of about 27 ee 
square miles, extending northeast from Lowell across the town- 

ship of Dracut and a short distance into the township of Methuen. | 

In general, the contact extends along the north side of the Merri- Merr ime 
mack from the vicinity of Christian Hill near Lowell to the vi- saith 
cinity of the island in the river opposite the mouth of Fish Brook. 
From this place the contact swings north and northwest, crossing 
and recrossing Bartletts Brook. It then turns southwest, passes 
over Burns Hill, south of Marsh Hill, and turns southeast to com- 
plete the loop just east of Christian Hill (Fig. 1). 

History of Mining. Mining has been done on the northeast 
slope of Nickel Mine Hill, which is located near the southeast 
corner of the stock about 1.5 miles west of Loon Hill. The site 
of these operations is the focus of the research described in this 
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Operations in the Dracut intrusive are among the earliest min- 
ing ventures in the United States. There is no definite knowl- 
edge as to the original discovery of the ore and the start of op- 
erations, but surveys made in 1710 show “Mine Pit” and “Mine 
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Pit Hill,’ and it is quite possible that the deposit was worked as eneis: 

early as the Sturbridge, Massachusetts mine opened in 1640. “Brin 
Accounts differ, but it seems probable that the discovery was erson 

made by Welsh or Cornish miners prospecting along the Merri- Fairb 

mack,,or by surveyors whose compass needles were deflected by post~" 

the pyrrhotite, abundant on Nickel Mine Hill. whicl 


It is said that in 1726 a shallow shaft was sunk and gold and Th 
silver were extracted, and later, during the American Revolution, 





uart 
the ore was used in the production of cannon balls. ns 
The element nickel was discovered in 1751, but not until 1876 of th 
was any attempt made to recover nickel from the Dracut ore. bank 
The shaft was deepened slightly, and several short drifts were schis 
opened, but reduction of the ore proved so difficult that operations “Bri 
soon were suspended. rock: 
The last attempt to exploit the deposit was made in 1883. GI 
Smelting was done by using a coke steam blast, and a 75 per cent critic 
matte was obtained. Ferric oxide, nickel and copper oxides and hills 
metallic copper were obtained from this matte by leaching and Hill, 
precipitation. These workings have long been abandoned, and of tl 
the only evidences of their existence today are two filled shafts of g 
about 10 feet square, a trench-like cut 200 feet long, 5 feet wide, are 
and 15 feet deep at its southern end and scattered piles of waste. ' are. 
Previous Work. Previous work in the area was done by Bur- hun 


ton and Spalding (1905), Emerson (1917), Fairbanks (1927), N 
and Ilsley (1934). Emerson regarded the Dracut stock the most 


of t 
easterly of three related dioritic intrusives. Fairbanks challenged Be 
this and considered the Dracut stock unrelated to the other in- ore 
trusives. Emerson and Fairbanks are also opposed in their views sibl 
of the age of the Merrimack quartzite. IIsley takes an inter- F) 
mediate stand on the controversy. Newhouse, Gilbert, Budding- ite ; 
ton, and Short, in papers on different areas, all mention the de- the 
posit of nickeliferous pyrrhotite at Dracut, but they have evi- bed 
dently had access to only a few polished sections of the ore. nor 

REGIONAL GEOLOGY. ae 
the 
The rocks of the area consist of the Merrimack quartzite whose clo: 


age is between Cambrian and Carboniferous, a quartz diorite Th 
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gneiss and schist which seems to be later than the quartzite, the 
“Brimfield” schist which is referred to the Carboniferous by Em- 
erson, an orthoschist (oligoclase-glaucophane schist) described by 
Fairbanks as probably Carboniferous, the Dracut norite which is 
post-Cambrian and pre-Carboniferous, and the Andover granite 
which is perhaps of late Carboniferous age. 

The Dracut norite is almost surrounded by the Merrimack 
quartzite which separates it from the quartz diorite gneisses and 
schists to the west and the Andover granite to the south. South 
of the western part of the stock is the orthoschist, which Fair- 
banks describes as being in contact with the norite. The ortho- 
schist is in turn against the Andover granite to the south and the 
“Brimfield” schist to the southwest. The areal relations of the 
rocks are shown in Fig. 1. 

Glacial Geology. Pleistocene glaciation has obscured many 
critical contacts by thick deposits of detritus. Several of the 
hills of the area, such as Loon Hill, Burns Hill, and Christian 
Hill, are drumlins. A stratified glacial deposit in the eastern part 
of the stock is at least 100 feet thick. A considerable thickness 
of ground moraine covers most of the area, and many boulders 
are so large that it is difficult to determine whether or not they 
are outcrops. A small perfectly developed esker was seen a few 
hundred yards southeast of Nickel Mine Mill. 

Nickel Mine Hill is a notable exception to the general condition 
of thick covering of detritus, for the rock has been scoured by ice, 
which removed any gossan that may have been present over the 
ore deposit, and gouged trenches across the top of the hill, pos- 
sibly along pre-existing fault zones. 

Merrimack Quartzite. The outcrops of the Merrimack quartz- 
ite are poor, as the rock weathers rapidly. In general, however, 
the formation seems to consist of well-bedded, and often cross- 
bedded, gray-green impure quartzites. The quartzite strikes about 
northeast and is folded into closely compressed isoclinal folds 
overturned to the southeast. Truncation of tlie folded beds gives 
the formation an apparent dip of 50° to the northwest. Minor 
close folding is found in the quartzite near the norite contact. 
The quartzite seems to surround the norite on all sides except for 
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about one mile just east of Christian Hill. Emerson infers that 
the quartzite is Carboniferous because of its supposed continuity 
with the sediments of the Worcester basin to the southwest. The 
age of the sediments in the Worcester basin has been definitely 
established as Carboniferous by fossils, but no recognizable fos- 
sils have been found in the Merrimack quartzite, and the basins 
have not been proved conclusively to be continuous. Fairbanks, 
on the other hand, says, ““The Merrimack quartzite is referred to 
the Cambrian mainly on its similarity to formations such as the 
quartzite at Quincy, Massachusetts, and the Isleboro formation of 
Rockland, Maine.’ Ilsley, who did detailed work on the Merri- 
mack basin, placed the age of the quartzite between mid-Cambrian 
and Pennsylvanian with a preference for the earlier age. The 
present author finds his views and data in accord with those of 
Ilsley, and hereafter the -Merrimack quartzite will be considered 
to be early Paleozoic. 

Quartz Diorite Gneiss and Schist. The quartz diorite gneiss 
and schist which outcrops west of Marsh Hill is extensively meta- 
morphosed from the original quartz diorite which appears to have 
intruded the quartzite. Emerson considers this intrusive an 
earlier, more acidic phase of the Dracut intrusive. This state- 
ment requires some analysis, however, for, although both quartz 
diorite and norite could presumably be derived by normal differ- 
entiation from the same magma, it is hardly possible that the 
quartz diorite, if it were a later differentiate than norite, could 
have suffered regional metamorphism which did not affect the 
norite. 

The way such a sequence of intrusion might conceivably have 
occurred is by deep-going fractures tapping the acidic portion of 
an already differentiated magma and causing its emplacement 
without affecting the more basic portion. The fractures, or zones 
of crustal weakness, may have been formed in the early stages of 
the diastrophic movements which later metamorphosed the em- 
placed acidic rock. Continued diastrophism may have finally 
forced the more basic portion of the magma upward, and a cessa- 
tion of deformation at this particular point would allow this 
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magma to solidify normally, thus presenting an entirely different 
appearance from the gneissic or schistose acidic portion with 
which it may be genetically related. It seems more likely, how- 
ever, that the quartz diorite gneisses and schists are derived from 
a pre-diastrophic intrusion and are not genetically related to the 
post-diastrophic norite. 

Quartz-Mica Schist (“Brimfield”). The “Brimfield” schist oc- 
curs along the Merrimack River south of Christian Hill and seems 
to represent a southwestward extension of the Merrimack basin. 
This schist is similar to the schist of the Worcester trough, the 
typical Brimfield schist. If it is actually continuous with the 
Brimfield schist, it forms the connection between the Worcester 
and Merrimack basins. Such relations indicate its age to be Car- 
boniferous. However, a connection has not yet been definitely 
traced. According to Fairbanks, this schist has been intruded by 
an igneous rock which is now an orthoschist. The orthoschist 
has undergone extreme regional metamorphism which has not 
affected the norite. It is, therefore, evidently older than the 
norite with which it is in contact. 

Andover Granite. The Andover granite is predominantly a 
white, gneissoid or banded granite which interfingers complexly 
with gneisses to the west and the Salem gabbro-diorite to the east. 
Pegmatitic phases abound and are especially well developed in the 
neighborhood of Trull Brook. The granite cuts every rock type 
with which it is associated and so forms the latest intrusive in the 
area. 

Riebeckite Granite. At Southampton, New Hampshire, there 
is a small stock of riebeckite granite which is intrusive into the 
Merrimack quartzite. This stock was visited in the hope that in- 
vestigation might throw some light on the problems presented by 
the Dracut norite. No genetic connection with the norite was 
found, but the granite itself is interesting enough to warrant a 
description. 

Evidently Ilsley (1934) was the first to mention the rock, which 
he found exposed on a quarry face on the north side of Bugsmouth 
Hill. The present writer’s summary investigation extended the 
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contacts of the granite somewhat, and the topographic expression Alc 
of Bugsmouth Hill suggests that the size of the Hill may reflect zone 
the size of the intrusive. color 
The fresh rock is a light gray and weathers to a pinkish brown. towat 
It is very fine-grained and there are well-formed phenocrysts in it. indist 
In thin section the groundmass is seen to consist of quartz, well- specit 
altered orthoclase, and numerous dark stringy grains showing every 
the characteristic blue pleochroism of riebeckite. Th 
The phenocrysts, which are very transparent orthoclase crys- the ¢ 
tals, exhibit sharp outlines and are much less altered than the with 
orthoclase grains in the groundmass. arom 
Dracut Norite. The Dracut stock is intruded into the Merri- that 
mack quartzite and is elongated parallel to the general north- Tt 
easterly strike of the quartzite. The intrusion of the norite seem- a 
ingly exerted lateral pressure on the quartzite, for local folds near bord 
the border of the stock in the otherwise isoclinal structure of the trud 
quartzite are related to the contact. On a quarry face near the sees 
norite north of Christian Hill, quartzite beds are seen to be over- ini 
turned and now dip 50° towards the stock. Many inclusions of ais 
quartzite, some showing excellent cross-bedding, are found in the me 
igneous rock. The number of inclusions increases towards the ee: 
contact of the norite with the quartzite. Thin sections cut from of } 
inclusions and quartzite are similar. These facts definitely estab- may 
lish that the inclusions were derived from the Merrimack quartzite. hist 
Such inclusions are especially numerous on Nickel Mine Hill and pe 
are found within a few feet of the site of the old shaft. Inclusions 54 
whose dip and strike agree well with the regional trend of the sal 
quartzite were also found on Nickel Mine Hill. The presence of dese 
this great number of inclusions and pendants, which are often cut Sout 
into by stringers and tongues of norite, indicates that the magma sont 
worked its way upward by stoping. The stock probably has not nor 
undergone much erosion, since quartzite would presumably float in full 
a basic magma, and thus the blocks now found must have been deh 
near the top of the intrusive where they would have been removed wes 


if deep erosion had taken place. 
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Along the northeast border of the intrusive is a gradational 
zone where the acidity of the intrusive, as evidenced by lighter 
color and the presence of more leucocratic constituents, increases 
towards the quartzite. The inclusions grade from rock which is 
indistinguishable from the norite except by grain size in the hand 
specimen, through schistose inclusions, to quartzite which is in 
every respect similar to the surrounding Merrimack formation. 

The increase in acidity of the norite towards its contact with 
the quartzite is probably partly due to magmatic differentiation 
with the later and more granitic products emplacing themselves 
around the periphery of the stock. An alternate possibility is 
that the increase in acidity is due to assimilation of the quartzite. 

The Andover granite is the only rock that cuts the norite ex- 
cept for a few diabase dikes. The diabase dikes have chilled 
borders indicating that the norite was cool when they were in- 
truded, probably during the Triassic. As the granite is con- 
sidered to be Carboniferous or even post-Carboniferous, the in- 
trusive relations permit a possible range of age for the norite 
from Cambrian to Carboniferous. The relatively small amount 
of metamorphism of the norite suggests that it is late rather than 
early Paleozoic. 

The steep slope trending northeasterly along the northern side 
of Nickel Mine Hill is evidently a fault scarp, since slickensides 
may be seen on the face in several places. This is the only pro- 
nounced faulting on the hill, but it seems likely that the north- 
south notches across the hill between stations 22 and 55, 53 and 
54, and at station 35 (Fig. 2) are fault zones from which the 
shattered rock has been removed by Pleistocene glaciation. The 
drumlins in the area show that the direction of ice movement was 
south-southeast, which may explain the gouging out of the north- 
south set of fractures and the preservation of the scarps on the 
northeast-southwest set. If the topography of the hill is care- 
fully studied, keeping in mind the two directions of faulting, a 
definite shear pattern can be seen composed of northeast-south- 
west and north-south lines which have most of their intersections 
on the northeast side of the hill. As the sulphide ore is also 
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found on this side of Nickel Mine Hill, the possibility that there 
is a relation between the two was investigated. The results of 
this investigation did not definitely prove that the sulphides were 
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Fic. 2. Contour map of Nickel Mine Hill showing location of 
outcrops examined. 


localized by fractures, but fractured zones in the open cut and at 
the more southerly shaft showed definite concentrations of sul- 
phides. 


PETROGRAPHY AND PETROLOGY. 


Merrimack Quartzite. The so-called Merrimack “quartzite” is, 
to be exact, a quartzitic schist containing a large percentage of 
ferromagnesian minerals almost completely altered to chrysotile 
on exposed surfaces. Originally these minerals appear to have 
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been hornblende and pyroxene, but the optical properties of the 
pyroxene are so obscured by alteration that its determination is 
doubtful. Quartz is the major constituent of the rock and is 
thoroughly recrystallized to a mosaic. A minor amount of the 
quartz shows undulatory extinction between crossed nicols. Isley 
believes the paucity of feldspar and heavy minerals indicates that 
the quartzite is a mature sediment. He is also of the opinion 
that the hornblende, biotite, titanite, and some metallics were in- 
troduced into the rock, probably during the emplacement of the 
Dracut norite and the Andover granite. 

Dracut Norite. Essentially, the stock consists of norite. Ex- 
treme local variations in percentages of mineral constituents, 
grain size, kind and amount of alteration and metamorphism are 
numerous. The texture of the average rock is holocrystalline 
with hypidiomorphic crystals. The original texture was essen- 
tially granitoid. Surface weathering apparently has not affected 
the rock to any great depth, for no difficulty was experienced in 
obtaining fresh specimens from outcrops. Many exposed sur- 
faces of the rock are pitted. The pyribole stands out; the feld- 
spar decomposes more rapidly. Weathering seems to lighten the 
color of the rock considerably, and staining by iron oxide is noted 
almost everywhere. 

Small stringers of quartz and some of pegmatite cut the norite. 
They represent an introduction of silica, either from the magma 
chamber from which the norite was derived, or as an emanation 
from the later Andover granite. Specimens of pegmatite asso- 
ciated with this granite show a marked similarity to the pegmatite 
stringers in the norite. If the norite underwent differentiation 
sufficient to yield orthopegmatites, its heat, and consequent flu- 
idity, must have been maintained for an enormously long period 
of time. That the rock was at least solid enough to break with 
a sharp-edged fracture before the introduction of the quartz and 
pegmatite is demonstrated by the control which the fractures 
exercised over the introduced solutions. Thus, it seems logical 
that the introduction is not genetically related to the norite but was 
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more probably effected during the emplacement of the Andover 
granite. 

In general, the Dracut is composed of hypersthene, augite, com- 
mon hornblende, and olivine, the chief melanocratic constituents ; 
labradorite, the only important leucocratic mineral; and 5-10 per 
cent of metallic constituents. The main accessory mineral is 
apatite. The numerous alteration products include hornblende, 
uralite, tremolite, biotite, chlorite, talc, sericite, kaolin, and iron 
oxide. 

The norite varies considerably in texture, both in grain size and 
in orientation of the grains. Normally it has a granitoid texture, 
but in several places it has distinct lineation. Lineation ranges 
from a statistical optical orientation of stubby augite grains to the 
parallel orientation of lath-like feldspar and hornblende crystals. 
In some places the lineation flows around irregularities in the 
border between the lineated and randomly oriented areas ; in others 
it ends abruptly against an area of granitoid texture. The min- 
eralogical content of both zones seems to be similar. Small frac- 
tures run perpendicular to the lineation in one thin section. 

Plagioclase is the major constituent of the rock. It is found in 
large amounts in all but a very few of the thin sections studied. 
The average composition of the plagioclase was determined as 
AbywAn;s which corresponds to the composition of labradorite. 
The composition was found to vary within the limits of Ab2)An;, 
and Ab,gsAns;—from bytownite to andesine. Most of the feld- 
spar is little affected by alteration, compared to the ferromagnesian 
minerals of the rock. Minor amounts of chlorite, sericite, and 
kaolin are found in the feldspar in most thin sections. Discon- 
tinuous twinning and an abundance of combined twins, most of 
which are carlsbad and albite, characterize the feldspar. A few 
of the feldspar crystals are zoned, but these are greatly subordi- 
nate in amount to normally developed crystals. A micrographic 
intergrowth of feldspar with feldspar was noted in one thin sec- 
tion, which also contained well-developed labradorite. 

Rare feldspar grains found in the quartzite country rock and 
in inclusions are also of the composition of labradorite. They 
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may indicate introduction of small amounts of feldspathic ma- 
terial into the quartzite or may be detrital grains from an entirely 
separate and older source. 

In the area close to the old workings on Nickel Mine Hill, the 
plagioclase becomes slightly more basic in the immediate vicinity 
of the workings. At this place the feldspar is seen in thin sec- 
tion to be relatively younger than in other parts of the stock. In 
all thin sections studied the plagioclase was seen to be younger 
than the pyroxene, and in specimens taken from near the work- 
ings, it is interstitial to the pyroxene grains. 

Hypersthene is peculiar in that it contains just enough iron 
to change the sign of the mineral and so distinguish it from 
enstatite, but not enough to give it the pleochroism which usually 
characterizes hypersthene. The composition is approximately 
(MgSiOs)s0(FeSiO;) 2. 2V = 82°, mean n = 1.685, c // Z. 

The hypersthene occurs in rounded grains, most of which are 
well altered. Many grains contain tiny needle-like inclusions 
which may be oriented with respect to some crystallographic di- 
rection. The alteration products are many and varied, includ- 
ing hornblende, tremolite, biotite, chrysotile, talc, and chlorite— 
any or all of which may be associated with the hypersthene in one 
section. Many of the grains have chlorite rims, which may be 
either in contact with the hypersthene directly or separated by a 
zone of biotite. 

Augite is a variable, but nearly universal, constituent of the 
norite. Like hypersthene it is in rounded, highly altered grains 
surrounded by feldspar. The alteration products form micro- 
plakite, rims, and blades which may be within or growing from 
the augite grains. Many of the augite grains are more altered at 
their center than at their periphery. The alteration rims are 
mainly uralite. Other alteration products are biotite, chlorite, 
talc, chrysotile, and hornblende. In at least one specimen an 
augite grain was observed to be surrounded by hornblende which 
in turn was surrounded by biotite. Inclusions are numerous in 
the augite and may be either acicular or dust-like, oriented or 
unoriented. 
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Olivine in many ways parallels the behavior of hypersthene. 
Its composition is approximately (Mg2SiO,)s0(Fe2SiO.) 20 which 
corresponds well with the Mg—Fe ratio of the hypersthene. The 
percentage of olivine in the norite increases appreciably in the 
area of the old workings. From a normal of 0-10 per cent in the 
stock as a whole it attains an average of 20 per cent in the open- 
cut. The olivine contains clear acicular oriented inclusions and 
is well altered in a manner analogous to the pyroxene. 

Accessory apatite was found in every section studied. The 
crystals are well formed and range in size from tiny needles to 
large grains 2 mm. long. Many of the larger grains have im- 
purities in them which form a central zone roughly parallel to the 
crystal outline. In rare grains two distinct zones may be seen: 
a darker one surrounded by a lighter one, which in turn is sur- 
rounded by clear apatite. The percentage of apatite in many sec- 
tions is greater than would normally be expected. This suggests 
that there was an introduction of material by mineralizing solu- 
tions. Basal sections of the apatite crystals are often lopsided 
which may indicate that they grew by addition principally on one 
side or by diffusion from one side, either of which supports the 
idea that apatite was formed by mineralizing solutions. 

Hornblende is present throughout the norite and is character- 
ized by light brown color and brown pleochroism. The intensity 
of the pleochroism may vary widely in a single crystal and give 
rise to a patchy or splotchy appearance. A few grains show twin- 
ning. The age relations shown in thin section indicate that this 
hornblende is younger than the olivine, pyroxene, and labradorite, 
but is older than most of the metallic constituents. Tiny opaque 
blebs which are assumed to be metallic minerals are scattered 
throughout some of the altered hornblende. Hornblende is usu- 
ally cut by the irregular metallic grains. Apparently the brown 
color and pleochroism has led other investigators who did work 
at Dracut to call the mineral basaltic hornblende, but the optical 
properties (2V =— 80°, mean n=1.660, c\Z=25°) defi- 
nitely prove that it is common hornblende. 
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Another type of hornblende was found in the norite at the 
prospect pit on Nickel Mine Hill. It is dark green and has a 
dark green pleochroism. Almost every crystal is twinned and 
many of the grains contain acicular inclusions which are oriented 
parallel to the cleavage traces. 

Tremolite is one of several alteration products of the ferro- 
magnesian minerals, and much of it is itself replaced. Some of 
it contains a slight percentage of iron, enough to give the grains 
a faint green pleochroism. Rarely actinolite crystals are found. 
A few of the fibrous tremolite crystals are somewhat bent, broken, 
or distorted. 

Some of the “uralite” rims around the ferromagnesian minerals 
have amphibole-like characteristics, but part of them at least, and 
possibly most, are of chlorite. 

Biotite is an alteration product of the pyroxene, hornblende, 
and apparently of the metallic constituents. Much of it forms 
large flakes. The strong pleochroism of many of the grains indi- 
cates a high iron content, and magnetite blebs are found in many 
biotite crystals, either scattered randomly throughout, or forming 
a rough zone along the edge of the grain (Fig. 3). Other biotite 
grains are filled with innumerable acicular inclusions oriented 
parallel to the three “fa” axes so that they form lines in three di- 
rections intersecting at 60°. A few strained biotite crystals which 
show an extremely splotchy extinction are found. 

Other alteration products, namely chlorite, talc, chrysotile, 
sericite, kaolin, and red iron oxide are everywhere present, but in 
variable amounts. One thin section may show hardly any talc, 
for example, whereas another made from the rock only a few 
feet away may contain so much talc that it seems that there must 
have been a large introduction of this material. The chlorite, 
talc, chrysotile, as well as tremolite and uralite, are associated 
with the ferromagnesian and metallic minerals, whereas the seri- 
cite and kaolin are associated with the feldspar. 

Opaque constituents, both oxides and sulphides, are present 
throughout the norite. Most of the sulphide grains are consider- 
ably larger than the opaque oxide grains, which are ordinarily 








40 WILLIAM H. DENNEN. 


small rounded blebs scattered both within mafic minerals and 
along their borders (Fig. 5). Some of these tiny blebs of oxide 
parallel the cleavage. They are also found in talc-filled fractures 
in hypersthene. The larger grains of opaque oxide are definitely 





Fic. 3. Thin section. Concentration of opaque oxides (black) in 
pyroxene (dark gray). Light gray is feldspar. X 40. 

Fic. 4. Thin section. Pyrrhotite (black) interstitial to feldspar (F's) 
and pyroxene (P). X25. 

Fic. 5. Thin section. Magnetite (black) along the edge of biotite 
crystals (B) mainly on the contacts with pyroxene (P). White is feldspar. 
X 36. 

Fic. 6. Polished section. Violarite replacing pentlandite along frac- 
tures. Two laths of magnetite (M) cut the pentlandite in fracture direc- 
tions. Pentlandite is surrounded by pyrrhotite (Po). 20. 
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interstitial. Most of these grains are ilmenite, while the smaller 
blebs appear to be magnetite. Wherever the oxide and sulphide 
grains are in contact they have mutual boundaries. 

The main sulphide is pyrrhotite in which small amounts of 
chalcopyrite can occasionally be seen. Rarely pyrite is also 
found. Pentlandite may be present in the norite outside the ore 
zone, but none was found in the polished sections studied. The 
sulphides are interstitial and some show a parallel arrangement 
with the fibers of chrysotile. The larger, interstitial masses of 
both oxide and sulphide show by their relationship that they are 
definitely younger than the feldspar which they cut, often isolat- 
ing rounded grains. 


MINERAGRAPHY. 


The norite is moderately metallized throughout, and there is a 
strong local concentration of sulphides in the neighborhood of the 
old workings. Except in the ore zone on Nickel Mine Hill, the 
metallic constituents are ilmenite, magnetite, pyrrhotite, and rarely 
pyrite. The magnetite is usually as tiny blebs in the pyroxene, 
amphiboles, and biotite, whereas the other opaque minerals occur 
as larger, interstitial grains, which are at least later than the 
pyroxenes. Most of the sulphide grains are larger than the oxide 
grains. 

Few of the specimens examined contained both sulphides and 
ilmenite, although magnetite is present in all. Sulphides are 
found in appreciable amounts only. in the area about the workings, 
whereas the reverse is true of the ilmenite. 

The chief sulphide of the ore is pyrrhotite which occurs as 
interstitial masses, or, where the percentage of the pyrrhotite is 
high, forms a matrix for rounded silicate grains (Fig. 4). In 
the former type of ore the pyrrhotite follows along fractures and 
cleavage planes, often isolating rounded sections of the silicates. 
Well-developed crystals of pentlandite are found in the pyrrhotite. 
The pentlandite grains are invariably fractured, and in some crys- 
tals violarite is replacing the pentlandite along these fractures, 
producing a heavy mesh or grating structure (Fig. 6). Chalco- 
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pyrite is present in variable amounts. Most of it is in small 
grains with smooth boundaries within the. pyrrhotite, but larger 
grains were seen which appear to have been cut by the pyrrhotite. 
Three different habits of magnetite are seen in polished section 
according to the mineral with which the magnetite is associated. 
In pentlandite the magnetite is always in lath-like crystals which 
seldom cross the grain boundaries, and appear to be controlled by 
fractures in the pentlandite (Fig. 6). Magnetite associated with 
pyrrhotite shows a complete progression from deeply embayed 





Fic. 7. Polished section. Ilmenite (white) interstitial to silicates 
(gray). 

Fic. 8. Polished section. Mangetite (M) replacing rounded pyroxene 
grains in pyrrhotite (Po). Note concentric silicate remnants.  X 13. 


grains to euhedral crystals. If magnetite replaces pyroxene, re- 
placement starts with tiny strings of scattered magnetite develop- 
ing in the silicate grains, which can be traced through the forma- 
tion of an irregular mass in the center of a pyroxene grain to 
the nearly complete replacement of the pyroxene by magnetite 
(Fig. 8). 

Some magnetite is found replacing the silicates associated with 
the ore. Every step of this replacement is seen from tiny irregu- 
lar magnetite blebs scattered throughout the silicate grains to an 
almost complete replacement represented by a magnetite grain 
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within a rim of non-opaque material. Three different stages of 
replacement are seen in Figure 8. Probably some of the mag- 
netite grains which show no remnant of silicates represent the end 
stage of this process. The silicate crystal has been wholly re- 
placed. 

Magnetite grains also are found in the pentlandite crystals in 
characteristic lath shapes. Several laths of magnetite may have 
geometrical orientation in the pentlandite. These laths seldom 
cross the pentlandite boundary into the adjoining silicates of pyr- 
rhotite. If they do cross this boundary, their contact with pyr- 
rhotite is irregular in contrast to the smooth contact within the 
pentlandite. They have three characteristics of an exsolved 
product. The laths apparently follow crystallographic directions 
in the pentlandite; this magnetite is generally confined to the 
pentlandite crystal; and laths thin appreciably where they inter- 
sect (Fig. 6). If this habit of magnetite is caused by exsolution 
rather than by replacement, its age may bear no relation to that 
of the other magnetite. 

Where the magnetite is associated with the pyrrhotite it may be 
euhedral, extremely irregular, or have any form between these 
two extremes. There seems to be a progressive change from one 
habit to the other. The euhedral crystals appear to be earlier 
than the pyrrhotite, for this mineral is found in fractures in them. 
The irregular masses of magnetite show no indisputable age rela- 
tion to the pyrrhotite. The mutually embayed contact may indi- 
cate a replacement of either mineral by the other. One feature, 
however, favors replacement of pyrrhotite by magnetite, for al- 
though irregular blebs of pyrrhotite are found within magnetite, 
the reverse is never found. ‘These blebs are believed to be the 
heads of deep embayments of pyrrhotite which have been pinched 
off by the replacing magnetite. 

Criteria for both an early and a late formation of magnetite 
can be found. Probably solution of the problem lies in inter- 
pretation of the various habits of magnetite as caused by two 
periods of formation. On this basis the euhedral grains are 
thought to be early in the sense that they were formed before the 
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ore minerals. The magnetite with other habits is considered to be 
contemporaneous with, or later than, the ores. All the magnetite 
was formed after the crystallization of the primary silicate min- 
erals. 

Ilmenite is found everywhere in the norite except in the sul- 
phide zone. The individual crystals of ilmenite are nearly al- 
ways homogeneous, but in one polished section a few grains were 
observed which had bands of exsolved material. The ilmenite oc- 
curs interstitially to the grains of the earlier silicates. It molds 
itself to these grains and penetrates into them along fractures, 
often isolating parts of the original silicate crystals (Fig. 7). 
Consequently, it is later than the rock forming minerals. 

The boundaries between ilmenite and pyrrhotite are mutual 
where observed, which gives no clue as to the relative ages of the 
two. With pyrite and chalcopyrite the age relations are much 
better shown for ilmenite forms rims around some grains of these 
minerals and is, therefore, later. This relation to chalcopyrite is 
especially important as it proves that the ilmenite was formed 
later than the solidification of the primary sulphides, for chalco- 
pyrite was the last mineral to crystallize in that particular stage. 

Only one grain of pyrite was found in the polished sections 
from the norite mass, and none was found with the other sulphides 
at the old workings. In the one occurrence the pyrite was in- 
terstitial, and chalcopyrite and ilmenite were associated with it. 
The pyrite evidently crystallized after the earlier silicates, for it 
curves around adjoining ferromagnesian silicates and sends off 
tongue-like projections into them, or between them and the neigh- 
boring feldspar grains. The chalcopyrite, in a few tiny grains, 
shows no definite age relation to the pyrite, but both pyrite and 
chalcopyrite are definitely earlier than the ilmenite which forms 
rims around them. A halo of brown iron oxide formed by 
weathering was noted around the pyrite grain. 

Except for a few scattered grains, chalcopyrite was found only 
in polished sections. The age relations indicate that it is a late 
product in the period of ore formation, being contemporaneous 
with, and somewhat later than, both pentlandite and pyrrhotite. 
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One grain was found which was surrounded by a rim of ilmenite, 
thus indicating that ilmenite was introduced later than the ore 
period. 

Pyrrhotite is the main metallic mineral. The boundaries of the 
individual grains are always irregular, and the crystals interlock, 
or are bordered by chalcopyrite or pentlandite. Many of the 
junctions are mutual. Scalloped contacts between chalcopyrite 
and pyrrhotite suggest that chalcopyrite partly replaced the pyr- 
rhotite. Some highly irregular and some euhedral grains of 
magnetite are found in the pyrrhotite. The relation between these 
two habits is not obvious, but a few grains have been found which 
appear to be gradational between the two. Probably the mag- 
netite is later than the pyrrhotite, and its different habits represent 
different amounts of replacement of the pyrrhotite. 

The pyrrhotite is replacing the silicates. If the silicate crystal 
has a good cleavage, the pyrrhotite works into the crystal along 
these lines of weakness producing a deeply serrate contact. The 
replacement of the silicates takes place by corrosion and general 
rounding of the grains if the silicate does not have a well-de- 
veloped cleavage. Sometimes the replacement has gone so nearly 
to completion that only roughly concentric remnants remain of an 
original silicate crystal (Fig. 8). 

The pyrrhotite is non-homogeneous. Under crossed nicols the 
grains characteristically show wavy lenses which have a general 
parallelism, or blades arranged in, a definite diamond pattern. 
The appearance of these blades depends on the orientation of the 
pyrrhotite crystals. The non-homogeneity of the pyrrhotite can 
be seen without the aid of the analyzer if the specimen is polished 
for a long time. Long polishing emphasizes a slight difference in 
hardness of the two components, thus producing an appreciable 
difference in relief. On some specimens KCN and HNO, were 
found to stain the blades or the matrix, but there seems to be an- 
other factor in this etching process which is not accounted for, 
as the results of attempts to stain the pyrrhotite with these re- 
agents were very inconsistent. Scholtz (1936) designated the 
two components of non-homogeneous pyrrhotite as g and 8. The 
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a component is the major constituent, usually forming the matrix 
which envelopes the lamellz of 8 pyrrhotite. The following table 
taken from Sholtz illustrates the physical differences of these two 
components : 

















a pyrrhotite B pyrrhotite 

darker paler 

harder softer 

lower reflectivity later (?) 

usually major usually minor 
constituent constituent 

indistinct cream to pale orange 
pleochroism pleochroism 

pale purplish deep orange brown 
brown under under crossed 
crossed nicols — 2° nicols — 2° 

(— reaction to KCN) | (++ reaction to KCN) 





The § component seems to be oriented along definite crystal- 
lographic directions in the pyrrhotite. Considered in two di- 
mensions its form may be regular and linear, lenticular, sinuous, 
or irregular. The width of one lamella is usually nearly constant, 
and the ends taper to points. As one lamella tapers off, there is 
in most places another parallel to it and a very short distance 
away, which is staggered in such a way that the cumulative width 
of the lamellze is constant. 

One section was made with two polished faces at right angles 
to each other. Examination of this section showed that the 
lamelle of 8 pyrrhotite exhibit the same two-dimensional charac- 
teristics on planes which are perpendicular to each other. Thus, 
there can be little doubt that the § component is actually in irregu- 
lar tabular masses parallel to some crystallographic direction. 

The § component in a few places exhibits a tendency to ag- 
gregate and coalesce about the margins of the pyrrhotite grains 
and about certain inclusions. This tendency is far from universal, 
but where it does occur the aggregation is usually along or around 
the silicates. On the other hand, at one place it was noted that 
where the pyrrhotite was bordered by chalcopyrite, the concentra- 
tion of the § component was in the center of the pyrrhotite grain. 
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The simultaneous extinction of the « and @ components under 
crossed nicols, and their apparently definite crystallographic orien- 
tation render any explanation of their origin other than by ex- 
solution rather unlikely. However, the possibility that the pres- 
ence of § pyrrhotite is due to twinning or replacement cannot be 
absolutely discarded. 

Scholtz is of the opinion that the non-homogeneity of the pyr- 
rhotite is due to small amounts of NiS which induced the separa- 
tion of the 8 phase. Most investigators, however, believe that the 
unmixing depends upon the temperature and the ratio of iron to 
sulphur in the pyrrhotite molecule. The limit of stability is given 
by Roberts (1935) as FeSi.14 at 300° C. 

Spectrographic analysis of the pyrrhotite from Dracut shows 
1.5 per cent nickel and 0.62 per cent cobalt, but how these elements 
are present in the pyrrhotite was not determined. Since only one 
specimen was analyzed and as it is possible that the attempt to 
pick a “clean” sample of pyrrhotite may not have been successful, 
undue weight should not be given to these results. 

Another feature shown in the pyrrhotite is a slight deforma- 
tion of the grains which causes different parts of a single crystal 
to extinguish separately. This is attributed to stress twinning. 
The twins may appear as parallel laths across the crystal, as curv- 
ing blades, or as triangles. The twins do not influence the @ 
component in any way except to give the lamellz a slightly differ- 
ent trend as they pass frori one twin to another. 

Pentlandite was found only in the ore from the old workings 
on Nickel Mine Hill where the amount is consistently about 1 per 
cent. The pentlandite as seen in polished section is usually in 
blocky grains enclosed by pyrrhotite, is characteristically frac- 
tured, and most of the grains have violarite along the fractures. 
This replacement is seen in all degrees of completion from an 
incipient violaritization to an almost total replacement of the 
pentlandite (Fig. 6). The age relations of the pentlandite and 
pyrrhotite indicate that the pentlandite began crystallizing first, 
but that pyrrhotite was contemporaneous with pentlandite in the 
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later stages. Pentlandite also exhibits contemporaneity of forma- 
tion with chalcopyrite. 

A late process of enrichment has caused the crystals of pent- 
landite to be partially replaced by violarite. The replacement is 
localized along fractures, and the interlaced veinlets of violarite 
thus produced isolate unaltered remnants of pentlandite (Fig. 6). 
Violarite is selective and only replaces pentlandite. Along the 
contact of pentlandite with any other mineral, violarite is devel- 
oped only on the pentlandite side of the boundary. The violarite 
is violet gray in color and moderately hard. A very faint anisot- 
ropism can be detected. Violarite reacts positively to HNO; and 
causes HCl to turn color, although there is no effect on the min- 
eral; ali other etch tests are negative. 

Lindgren and Davy (1924) attribute the formation of “poly- 
dymite” tothe action of descending water. Subsequently, Shan- 
non and Short (1930) proved that this “polydymite” was actually 
violarite, as had been suggested by Lindgren and Davy. Shannon 
and Short also made a comprehensive study of nickel ores from 
many deposits, including Dracut, and came to the conclusion that 
violarite is hypogene. 

Limonite is a late product of weathering. It is found in tiny 
stringers which cut all the other minerals. 

Marcasite is confined to samples taken from the dumps and is 
not found in the ore. 

Pyrrhotite has been altered along fractures and cleavage planes 
to parallel stringers of marcasite. These stringers never traverse 
grain boundaries, but appear to start at the boundaries or at frac- 
tures and work into the pyrrhotite along cleavage planes. The 
greatest concentrations of marcasite are along fractures, but de- 
velopment at grain boundaries or around silicate or magnetite 
grains in the pyrrhotite is not uncommon. Some pyrrhotite grains 
in otherwise highly altered polished sections show little or no 
effect of alteration, but as the formation of marcasite has been 
guided by cleavage planes, the absence of marcasite may be only 
apparent on account of the orientation of the pyrrhotite crystal 
in the section. 
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This alteration product is called marcasite rather than pyrite on 
the basis of its microscopic characteristics. The mineral has a 
lighter color than pyrite and shows a stronger reaction to HNOs, 
but the unquestionable difference is that it is anisotropic with a 
typical steel blue polarization color, whereas pyrite is isotropic. 

According to results obtained at the Geophysical Laboratory 
(Allen et al., 1912), marcasite forms instead of pyrite under con- 
ditions of low temperature and moderate or even low acidity. 
The temperature of formation of the marcasite must necessarily 
have been low. The condition of acidity might be obtained by 
the oxidizing effect of air and water on pyrrhotite, resulting in 
sulphuric acid. A qualitative test of water standing in the trench- 
like cut showed that this water is slightly acid and contains large 
amounts of iron and sulphate radical in solution. Gilbert (1924) 
described a similar process of alteration at Ducktown, Tennessee ; 
and, after an application of many tests, concluded that the pyr- 
rhotite had altered to marcasite rather than to pyrite. 

The probable reactions involved in the alteration of pyrrhotite 
to marcasite necessitate the generation of sulphuric acid, which 
is an active solvent of pyrrhotite. The incomplete alteration of 
the pyrrhotite at Dracut is probably due to the short time during 
which the ore has been exposed to weathering and the consequent 
small amount of sulphuric acid which has been generated. It is 
inferred that marcasite is a direct product of surficial weathering 
and, as such, would probably have been an important constituent 
of the lower part of a gossan. No gossan is found today, how- 
ever, as it was undoubtedly removed by glacial action. 

One mineral which may be sperrylite is white, isotropic, and 
can be barely dinted with a needle (hardness F). The mineral 
has an excellent two-directional cleavage which appears to be 
brought out slightly by the action of etching agents, although no 
positive etch reaction was observed. A microchemical test for 
platinum made with potassium mercuric thiocyanate was indefi- 
nite. 

A second mineral whose determination is doubtful may be 
molybdenite. It is white, very soft, and anisotropic. The polar- 
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ization colors range from white to violet, and there are four nearly 
parallel extinction positions per revolution. All etch reactions are 
negative. This mineral has the same appearance under the micro- 
scope as specimens of known molybdenite. 


SUMMARY AND CONCLUSIONS, 


The earliest rock formation in the area is the Merrimack quartz- 
ite which has been intruded by at least three different types of 
igneous rock: a quartz diorite, the Dracut norite and the Andover 
granite, in the order named. The quartzite is believed to be Cam- 
brian, and the intrusives are of pre-Mesozoic age. The schists 
near Lowell in the southwest corner of the area have been divided 
into the sedimentary “Brimfield” schist of Emerson and the oligo- 
clase-glaucophane schist of Fairbanks. The continuity of the 
lineated schist on the south bank of the Merrimack River at 
Lowell with the Brimfield schist of the Worcester basin is doubt- 
ful, and consequently the contemporaneous age of the Worcester 
and Merrimack basins cannot be proven. The oligoclase-glauco- 
phane schist mapped by Fairbanks appears in the field to be a 
well-foliated rock composed chiefly of muscovite. The areal ex- 
tent of this schist is undetermined because of the thick covering 
of glacial detritus, but quartzite in contact with Dracut norite 
where Fairbanks indicated norite and schist considerably dimin- 
ishes the size of the formation from the size originally proposed 
by Fairbanks. 

The Dracut stock is an elliptical body of norite elongated with 
the strike of the quartzite into which it has been intruded. Ero- 
sion has not proceeded far into the original top of the stock, and 
numerous pendants and inclusions are found throughout the 
norite body. Local variation of texture and composition exist in 
the norite and range from acidic contact phases to basic segrega- 
tions. On Nickel Mine Hill there is a concentration of sulphides. 
This sulphide deposit was worked in former times for nickel, but 
the low grade and tonnage of the ore and the difficulties met in its 
reduction caused the abandonment of the workings. 
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The decrease in acidity of the plagioclase of the norite over the 
area Close to the old workings and the comparative lateness of the 
feldspars in this area suggest that the sulphides were concen- 
trated in a more basic segregation of the magma. Increases over 
the same area in the amounts of both hypersthene and olivine tend 
to confirm this hypothesis. However, the norite varies widely in 
composition, and this segregation of basic constituents may not 
be significant. 

The relative ages of the mineral constituents correspond well 
with the reaction series proposed by Bowen. The first products 
of crystallization are olivine, orthopyroxene (hypersthene), and 
clinopyroxene (augite). Labradorite is contemporaneous with, 
or directly follows them. After this early group, amphiboles 
(hornblende) and biotite were formed in the expected order. The 
crystallization of the metallic minerals at a late stage in basic 
rocks is also normal. That the sulphides are of magmatic or late 
magmatic origin and are not of hydrothermal introduction is in- 
ferred from the sulphide-silicate relationships and from the small 
amount of hydrothermal alteration of the norite to chlorite, 
serpentine, and calcite. 

Alteration during the magmatic stage took place, however. 
Chlorite rims surrounding the hypersthene grains are entirely 
separate from each other and show no relation to fractures and, 
therefore, there could have been no introduction of material. The 
chlorite is apparently a direct product of the hypersthene. It was 
probably formed by an upset of the equilibrium system of the 
crystallizing hypersthene, such as would probably happen if the 
system was cooled too rapidly for the crystals and the solution 
from which the crystals were forming to maintain equilibrium. 

When the amount of alteration in the feldspar and the pyroxene 
and olivine is compared, it is noted that the feldspar is fresh, 
whereas the ferromagnesian minerals are well altered. Exposed 
rock surfaces, on the other hand, show that the feldspar is less 
resistant to surface weathering than are the ferromagnesian min- 
erals, for on outcrops the pyribole is seen to stand in relief while 
the feldspar weathers into pits. Thus, the conclusion is reached 
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that the alteration seen in thin section is not wholly surface 
weathering, and that further, this-alteration must be of a deuteric 
or earlier characte1. 

The main sulphide in the ore is pyrrhotite with which is asso- 
ciated minor amounts of chalcopyrite, pentlandite, and magnetite. 
Pyrrhotite and pentlandite were the first sulphides to form and 
were closely followed by chalcopyrite. All the magnetite is later 
than the rock-forming silicates. Some of it appears to be earlier 
than the sulphides whereas some of it is later. Pentlandite is 
somewhat replaced by violarite, which suggests either a later surge 
of activity or a later phase of the ore period. The presence of 
interstitial ilmenite, later than chalcopyrite, apparently means that 
this mineral was introduced at a late stage, probably at the same 
time as the development of violarite. 

These age relations are diagrammatically illustrated by the fol- 
lowing table; the time interval is arbitrary. 











Magmatic Pneumotectic Hydrothermal Supergene 





Silicates —— - | | 
Pentlandite ——_ 
Pyrrhotite | —— 
Pyrite Sica mts oe eee 

Chalcopyrite pieced | 

Magnetite os 

Ilmenite joa 

Violarite Se ata ns 

Marcasite Steen ae oe 
Limonite NE RAE 


The presence of the sulphides in a more basic phase of the rock 
implies that the sulphides are of magmatic or late magmatic origin. 
However, some localization of the sulphides has been noted along 
fractures, and this suggests a possible hydrothermal origin of the 
ore. Some of the mineral relations also suggest that this is the 
case. Pyrrhotite is found veining the silicates or in beaded 
stringers, which may sometimes be arranged in an open grid pat- 
tern suggesting that introduced solutions were guided by minor 
fracturing. 
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A reconciliation between these two apparently opposed hypothe- 
ses for the origin of the ore can be found if two distinct yet com- 
plementary processes are assumed. 

Initial differentiation at an early stage in the solidification of 
the magma removed the early silicates from solution. Gases, 
mineralizers, felsic constituents, precious and base metals would 
then be present in the still fluid magma. Crystallization of the 
metallic elements would be delayed by the presence of mineralizers. 
That they were present is indicated by the abundance of apatite 
which is believed to be later than the early ferromagnesian min- 
erals. 

The second process is the introduction of the ores by means of 
the mineralizers, unaccompanied by secondary silicates. The rock 
at this time was apparently rigid enough to fracture, thus provid- 
ing planes of weakness which guided the mineralizing solutions. 
This would account for the partial concentration of the sulphides 
along fractures, and the rough banding of the silicates and sul- 
phides which is occasionally seen in the ore. 

Slight hydrothermal alteration subsequent to the main depo- 
sition of the ores developed chlorite, tremolite, serpentine, and 
some sericite, and probably caused the formation of ilmenite and 
the replacement of pentlandite by violarite. These hydrothermal 
solutions must have been approximately in equilibrium with the 
feldspar, for it shows little or no alteration, while the ferromag- 
nesian minerals are well altered. 

The last recognizable stage of mineral development is the re- 
placement of pyrrhotite by marcasite, apparently a supergene 
process, for marcasite is found only in specimens taken from the 
dump. 

The characteristics of the Dracut ore are parallel to the charac- 
terestics of magmatic sulphide ores as defined by Tolman and 
Rogers (1916). 

In summation, the Dracut norite first differentiated leaving a 
residual magma. The deposition of ore represents the last mag- 
matic stage before later hydrothermal solutions became active. 
This type of ore deposit corresponds most closely with deposits 
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classed as pneumotectic by Graton and McLaughlin (1918) and 


as late-magmatic residual liquid segregation and injection by 
Bateman (1942). 
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EFFECT OF CHEMICAL IMPURITIES ON SCHEELITE 
FLUORESCENCE. 


ROBERT GREENWOOD, 


ABSTRACT. 


Recent widespread use of the ultraviolet lamp for scheelite 
prospecting has aroused interest in the variations in fluorescent 
colors displayed by this mineral. On the basis of 54 spectro- 
graphic analyses of scheelite samples whose fluorescence ranged 
from pale blue through white to yellow, it appears that the color 
variation may be related to quantitative variations in certain im- 
purities. The molybdenum content of the scheelite increased 
from a trace in those specimens fluorescing blue to a maximum in 
material with yellow fluorescence. Manganese acted in a some- 
what similar manner; the other elements showed no systematic 
variation. 


INTRODUCTION. 


THE fluorescence of scheelite has achieved economic importance 
in recent years due to the use of the ultraviolet lamp in prospect- 
ing. Scheelite, unlike many metallic minerals, is difficult to dis- 
tinguish from its host rock. Its fluorescence permits immediate 
recognition and practically positive identification. A method * 
has recently been developed for approximate evaluation of the 
scheelite content of a deposit, using fluorescence. In many mills 
tailing losses are controlled by ultraviolet light.’ 

In some specimens, the fluorescent color of scheelite departs 
widely from the common blue or bluish white, and this variation 
permits confusion of scheelite with associated fluorescent min- 
erals. Since an understanding of the cause of this variation is 
of practical importance, 54 specimens of scheelite, covering a wide 
range of fluorescence, were spectroscopically analyzed in an ef- 
fort to correlate chemical composition with fluorescence. 

1 Jolliffe, A. W. and Folinsbee, R. E.: Grading scheelite deposits with an ultra- 


violet lamp. Can. Min. Met. Bull. No. 358: 91-98, 1942. 
2 Flack, W. H.: Rocks and Min. Mag. 9: 59, 1934. 
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PREVIOUS STUDIES OF FLUORESCENCE, 


Fluorescence is the property, possessed by some organic and in- 
organic substances, of emitting visible light while exposed to 
radiations of shorter wave length, usually in the ultraviolet range. 
The fluorescent material acts as a transformer, converting radiant 
energy from high to low frequency. This is accomplished by 
emission of the energy, released in the form of light, when atoms 
return to a stable state after being excited by incident radiation. 

The factor determining whether a substance will or will not 
fluoresce has not been satisfactorily established, but prevailing 
opinion is that fluorescence is due to minor impurities. it is 
recognized, however, that the emission is not directly due to the 
specific chemical nature of the impurity, but rather to its effects 
on the atomic structure or crystal lattice of the fluorescent sub- 
stance. 

The phenomenon of fluorescence, as demonstrated by the min- 
eral fluorite, has been recognized for several hundred years. Sir 
John Herschel, Sir David Brewster and others made qualitative 
observations on fluorescence, but these were inconclusive because 
of the lack of a suitable source of ultraviolet light. A review of 
the early literature on the subject was published by Rothschild * 
in 1928. 


3 Rothschild, S.: Uber die Phosphorcenz von Flusspat und Orthoklas. Festschrift 
Victor Goldschmidt, Heidelberg, 1928. 
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The first comprehensive examination of mineral luminescence 
was made in 1903, on the mineralogical collections of the Ameri- 
can Museum of Natural History.* This investigation revealed 
great variations in the fluorescence of a mineral, even among 
specimens from one locality. This fact was confirmed by a simi- 
lar study made by Englehardt,® who concluded that variations in 
fluorescence were due to minute quantities of impurities, termed 
activators. It was believed that yttrium served as an activator in 
certain phosphorescent calcites.° The view now prevailing, that 
fluorescence is due primarily to distortion of the molecular struc- 
ture and not to the chemical nature of the impurity, was pro- 
pounded by Headden’ in 1923. 

The occurrence of manganese with many fluorescent minerals, 
particularly at Franklin Furnace, New Jersey, has stimulated the 
theory that manganese may cause fluorescence. Synthetic willem- 
ite can be made fluorescent by the addition of small amounts of 
manganese. 

The first published study of scheelite fluorescence was by Van 
Horn,*® who exposed thirteen specimens of the mineral to the iron 
arc discharge. All specimens fluoresced pale blue, except those 
from Zinnwald, Bohemia, which remained inactive. Synthetic 
CaWO, was also tested, and found to fluoresce light blue. No 
analyses were made. Scheelite from Nevada was found by 
Gunnel ® to give a yellowish white fluorescence. 

The results obtained by different investigators are not always 
comparable, since the color of fluorescence of any particular speci- 
men may vary with the wave length of the exciting radiation. 

4 Kunz, G. F. and Baskerville, C.: The action of radium, Réntgen rays and ultra- 
violet light on minerals and gems. Science New Series XVIII: 769, 1903. 


5 Englehardt, E.: Luminezenzerscheinungen der Mineralien in Ultravioletten Licht. 
Inaugural Dissertation. Univ. of Jena, 1912. 

6 Headden, W. P.: Some phosphorescent calcites from Fort Collins, Colorado, and 
Joplin, Missouri. Amer. Jour. Sci., Fourth Series 21: 301-308, 1906. 

7 Headden, W. P.: The relation of composition, color, and radiation to luminescence 
in calcite. Proc. Colo. Sci. Soc. 11: 399-434, 1923. 

8 Van Horn, F. R.: Replacement of wolframite by scheelite, with observations on 
the fluorescence of tungsten minerals. Amer. Min. 15: 461-496, 1930. 


® Gunnel, E. M.: Important investigations on mineral fluorescence since 1900. The 
Mineralogist III: 3-4; 31-34, 1935. 
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Chemical analyses of scheelite, as published in Hintze’s ““Hand- 
buch der Mineralogie” and elsewhere, show molybdenum, mag- 
nesium, iron, silicon, and copper as common minor constituents 
and rare earths frequently present. Samarium and dysprosium 
were chemically identified by de Rohden*° in the residual oxides 
after removal of tungstic oxide from scheelite. Yttrium and 
ytterbium were not identified, but de Rohden states that his method 
was not applicable for them. 

To the writer’s knowledge, no correlation has previously been 
established between the presence of any of these elements and the 
fluorescence of scheelite. 


PROCEDURE AND METHODS. 


Samples Nos. 1 to 24 were hand picked from individual speci- 
mens of scheelite ore, pulverized to 20 mesh. The remaining 
samples were hand picked from commercial gravity concentrates 
of various grain sizes. Fluorescent colors were obtained with a 
standard cold quartz ultraviolet lamp, radiating 75 per cent of its 
energy in the immediate neighborhood of 2536 Angstroms. It 
was noted that each ore specimen yielded only one fluorescent 
color, but concentrates frequently contained two or three colors, 
due to mixing of different portions of the orebody during milling. 
In these concentrates each color was picked out for separate 
analysis, and designated by the subscripts “a,” “b,” “c.” A final 
classification of colors was made by simultaneously viewing and 
comparing a finely ground portion of all the samples under the 
same lamp. 

Analyses were made on an Applied Research grating spectro- 
graph. Using samples of about 50 milligrams, two spectrograms 
were photographed from a single arcing, the first to record volatile 
constituents, and the second to record refractory elements. In 
practice little difference was found between these spectra. 

The very high vaporization temperature of scheelite necessitated 
the use of an electrode which would not conduct away the heat of 


10 de Rohden, C.: Sur la présence des terres rares dans les scheelites. Compt. 
Rend. Acad. Sci. 159: 318-320, 1914. 
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the arc. Standard %4 inch carbon electrodes were drilled with 
¥ inch diameter holes to a depth of ¥% inch, and the exterior then 
filed down to form a cup with a thin stem. Impurities picked up 
during the filing process were removed by acid. 

The density of a chosen standard spectral line for each element 
was visually estimated and assigned a value between. 1 and 10, 1 
being the faintest line perceptible. 


RESULTS 


The analyses, listed in Table 1, show the nearly universal pres- 
ence, in mineralogically pure scheelite, of silicon, aluminum, iron, 
and magnesium, as well as the major constituents, calcium and 
tungsten. Most samples’ also contain molybdenum, manganese, 
and copper. Strontium, yttrium, and ytterbium appear fre- 
quently, and scattered occurrences of lead, silver, arsenic, bismuth, 
and titanium were recorded. The presence of molybdenum, and 
to a lesser extent of manganese, is characteristic of all samples 
which fluoresce yellow. 

Samples in Table 1 are grouped in order of increasing wave 
length of their fluorescent colors (blue to yellow). Analyses of 
samples with different colored fluorescence, but separated from 
the same concentrate, are indicated by subscripts “a,” “b,” “c.” 

Elements of similar chemical properties are placed together in 
cases where their occurrence is frequent enough to have possible 
significance. Silicon, aluminum, magnesium, and iron are ele- 
ments so common in nonmetallic ores of all types that it seems 
best to place them together as a group of little importance. They 
were probably present in part as mechanical inclusions of wall 
rock. 


Each intensity number in the table is the average of two density 
estimations of the same line in separate spectrograms. These fig- 
ures are semi-quantitative estimates which express the relative 
amounts of a given element in different samples, but not of dif- 
ferent elements in the same sample. Values of 1 for iron, 
titanium, copper, and silicon are probably not significant because 
traces of one or more of these elements were present in the elec- 
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TABLE 1. 
QUANTITATIVE ESTIMATES OF SCHEELITE IMPURITIES. 
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Element Color 
Sample of 
No. | | | | Fluo- 
Si | Al | Mg] Fe |Mn} Yt | Yb} Ce | Cu} Mo Nal Sr | Pb Ag| As| Bi| Zn| Zr | Ti | Hg} Cr | rescence 
we Ree SER 2 2 1 1 
SOF epee 3 2] 2 
8 1514 1 1 1 
Nie ay gal eae fe Fs 1 2 2 
53 15|4/|2]2 I 2} 1 
Be 2 cae 2 2 4} 1 2] 1 4 
6 16|7/2)5)3|2 1 3 1 Pale 
6 }1)/7)11/2)1|5)2 1 1 blue 
7a |6}2/1/3/11]2 1 2/1 
72 141/712/6|/4/1 213 $1" 3 
mm 14 181'2) 8 2 1 2 1 1 
76.1 B16 SS Leh 2 2} 1 1 
7 ADA TA ed 2 i 1 
mb |2}4/2/3]1 2} 1 1 
9 1413/3/4)2/3)]3 2} 1 1 | 
7 TRL B18] ays 1a 2 6 | 3 2)5]2 
he ee Lad B18 2/92 1 
14 | 2 2/3|4 1| 3 
16.1:8-1-8.| Searls 3| 3 
2 |5|2 1 4|2 3 2\1 
2 |6|7/1/2)115 3 2 1 1 
4 |5/3/1/213 ries 
50 13/2/2/2]1 2] 5 1 1 
52 1617|/8|5)|2 2) 5 
57 1416/4165 |'4 216 
59 19/4/8)4/2]6)| 2 1] 1 1|1 Cia White 
60 {4/5)/215)]3 1| 5 
61 }3|/6)/4/2)4/3] 2 316 1 
62 13/711) 4) 4 1| 6 1 1 
67 |5/5|3]6] 4 2) 4 1 
71 16/51/5151 4 5|5|3 1 2 
7b 12)/2/2]/11]2 1| 5 
mb 12/4/1131 3 Te 
7a |21/2/3/3| 2 1| 5 1 
70 SS 1S peer 2/3 1 
sob |3/4/111] 1 1| 4 
8 1417/8) 4]2 vi7 
10 14/5/4/516 2) 4 1 
122 17/9/3/6)5)2)3 9 | 4 2|2\2 4 2 
OT 4 al 2 1| 4 1 
51 13|514)38)1 2} 9 1 Cream 
5 1619/6171 9 | 5|7 6| 4 3 3] 5 
2a |1|2|/2)2)2 | hp Bo oe 
66 15/3 1 4| 5 Le 4|8 | 1 
68 |4/5/3/4/413] 2 17] 8 | "iy be 
6 13/61/3151) 5 lal 7] |4 od 
7a | 1}2)2)2| 2 11] 6 yellow 
80a | 2}4/2]2)3 1| 6 | | 
417/41/1/8]5 4| 6 | 
56 | 6 ; é 7|8 3| 2 2 
6 1517121318 saat 1 — 
7b }4/2/3)4)4)/2]1 5)9] [1] | eri 
we |4/6/213/5|2 2| 8 (eke tak 1 




















trodes. Barium was identified in several samples, but the only 


strong line which could be read is in a region obscured by band 
spectra, and in the absence of further confirmation the element is 


omitted from the table. 
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No attempt is made to arrange the samples according to locali- 
ties, because many of the concentrates are mixtures of different 
ores and their exact origin is unknown. The primary object of 
the investigation is to correlate fluorescent colors with composition. 

In Figs. 1 and 2 the estimated amounts of molybdenum and 
manganese are plotted against the fluorescent colors of the sam- 
ples, and the resulting curve is based on the weighted average in- 
tensity for each fluorescent color. The increase in the molybde- 
num content of the scheelite, as fluorescence goes from blue to 
yellow, is striking and apparently significant. All colors except 
white show only a small range in intensity of the molybdenum 
line, and in all but two of the blue samples molybdenum is com- 
pletely absent. A greater range is to be expected in the white 
samples, since these probably include both blues and yellows too 
pale to be distinguished. Although it is obvious that yellow 
fluorescence indicates the presence of molybdenum in scheelite, it 
cannot be proved that molybdenum is the direct cause of this 
colored fluorescence. The manganese content (Fig. 2) shows a 
general trend parallel to that of the molybdenum, but is less con- 
sistent. 

Another characteristic of these scheelite samples is the relative 
abundance of copper, strontium, and rare earths, and the fact 
that ytterbium is always accompanied by yttrium. However, the 
presence of these elements apparently does not affect the fluo- 
rescence. Copper is more abundant in those samples with yel- 
lowish fluorescence, but its quantitative distribution is not con- 
sistent. 


PASADENA, CALIFORNIA, 
August 10, 1942. 














DISCUSSION AND COMMUNICATIONS 


GROUND WATER AND HYDROTHERMAL 
DEPOSITS. 


Sir: The discussion pages of this journal are frequently devoted 
to hypotheses. The following suggestion may therefore be of- 
fered, not at all with the conviction that it has the status of a 
widely accepted theory but rather so that it will be examined as 
a working hypothesis by others and will receive the benefit of 
their comment and criticism. 

Many ore deposits have been referred by some geologists to 
rising hot solutions, by others to descending cool ones, structural 
and mineralogic data being cited in support of each viewpoint. 
Such conflicting data when focussed on the lead-zinc ores of the 
Mississippi Valley type may perhaps be resolved by considering 
the effect of ground water upon warm metalliferous solutions. 
The mineralizing fluids might be spoken of as rising, yet the 
present veins show that the solutions must have followed a very 
indirect course, being guided to a large extent by essentially 
horizontal bedding partings. 

While studying the lead-zinc ores of southwestern Wisconsin, 
the senior author and his associates reported that the ore horizon 
is not confined to a single bed or series. Instead it transgresses 
the strata, appearing in successively older formations in any north- 
ward traverse across the flank of the south-pitching Wisconsin 
Arch.* For no obvious reason, the mineralization in general is 
thus more nearly parallel to the present surface than to the 
stratification, though in detail specific orebodies generally show 
the influence of bedding and even of steeply dipping openings 


1 Behre, C. H., Jr., Scott, E. R., and Banfield, A. F.: The Wisconsin lead-zine 
district. Econ. Grou., 32: 807-808, 1937. 
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upon their form or localization. This parallelism of surface 
and ore deposition might be assigned to the down-cutting of the 
surface until there remained only the “roots” of mineralization, 
once far more extensive vertically; chance would thus lead to a 
semblance of parallelism between surface and ore distribution 
which had no genetic significance. 

An alternative explanation for the parallelism, however, might 
be found in the history of the region. There is general agree- 
ment by field geologists that remnants are here recognizable of 
one or several former peneplains,’ though their number, relations, 
and ages are moot questions. As far as generally accepted, the 
ancient erosion surface or surfaces are virtually parallel to that 
of the present landscape. The present and essentially all post- 
Mesozoic surfaces thus truncate the beds at a gentle angle and 
are broadly parallel to each other, besides being parallel to the ore 
beneath them. If the mineralizing solutions once rose against a 
head of meteoric, descending, cold waters, fluctuating little in ele- 
vation from place to place, ore deposition might, at least within 
the limits of measurement, be roughly parallel to the present and 
former surfaces. Precipitation would then be due to inter- 
mingling of rising, mineralizing and descending, precipitating 
solutions. 

Support for this suggestion comes not only from broader 
geologic relations already outlined, but from chemical reasoning 
as well. On the basis of chemical evidence, the junior author 
concluded * that the precipitation of lead and zinc ores could be 
best explained if the carrying solutions were assumed to have con- 
centrations of about 2.0 molal chloride ions. Thus the lead 
actually would be precipitated after the zinc, as its position 
in nature suggests, if it were present in complexes in such solu- 
tions. These concentrations, together with the assumption of 


2 For example, Shaw, E. W., and Trowbridge, A. C.: Galena-Elizabeth (Ill.-lowa) 
Folio, U. S. Geol. Surv., Geol. Atlas 200: 9-10, 1916; Trowbridge, A. C.: The 
erosional history of the Driftless Area. Univ. Iowa Studies Nat. Hist., 9 (3): 
60-69, 120-127, 1920-21. 

8 Garrels, R. M.: The Mississippi Valley type lead-zinc deposits and the problem 
of mineral zoning. Econ. Grov., 36: 737-740, 1941. 














\ 


<F* _ ea ee a 


_—_ -=§ A Fy we 45 























DISCUSSION AND COMMUNICATIONS. 67 


Cl ions as the negatively charged constituents in the solutions, 
are consistent with the observations made by Newhouse * on in- 
clusions found in ores of this and similar regions. Dilution of 
such chloride-rich solutions would precipitate galena and neutraliza- 
tion would throw down both sphalerite (for which no complexes 
are hypothesized) and galena. This neutralizing might be pro- 
duced by reaction with the wall rock, as previously suggested by 
the senior author and his associates.° It could equally well be 
the result of mingling with descending waters, for in the Wiscon- 
sin lead-zinc district, as in most other Mississippi Valley type 
deposits, the country rocks are strongly calcareous and the 
descending waters correspondingly rich in Ca( HCOs)>. 

It may be added here that the preponderance of Ca* ions in 
liquid inclusions in these ores suggests strongly that the Ca* ions 
were contributed by cold, descending solutions, rich in HCO; 
ions, rather than hot rising ones, since cold solutions should prefer- 
entially dissolve Ca from the country rock. This statement seems 
to be confirmed by the following facts. Most analyses of ground 
waters of meteoric origin, collected in regions where limestone and 
dolomitic limestone preponderate, have percents of CaO and MgO 
which stand in ratios ranging from 4:1 to 8:1. In contrast, 
those of thermal spring waters generally show ratios ranging 
from 4: 1 to as low as 1:8.° These facts suggest that ascending 
solutions tend to carry a lower Ca: Mg ratio than descending ones. 
The studies of waters in regions of igneous activity by Emmons 
and Harrington suggest the same contrast between waters of 
recent vulcanism (that is, where the influence of commingling 
descending waters is relatively slight) and those of more remote 
vulcanism (where waters are mixed more extensively with ground 
water) ; here a collection of analyses gives the same change in 
ratio, the magnesia being relatively reduced as the thermal 


4 Newhouse, W. H.: The composition of vein solutions as shown by liquid in- 
clusions in minerals. Econ. Grov., 27: 430-431, 1932. 

5 Behre, C. H., Jr., Scott, E. R., and Banfield, A. F.: op cit., p. 808. 

6 Clarke, F. W.: The data of geochemistry. U. S. Geol. Surv., Bull. 770: 194, 
200, 201, 1924. 
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solutions suffered dilution by meteoric waters." Moreover, in 
the fluid inclusions of Mississippi Valley type ores studied by 
Newhouse * magnesia was entirely absent or at most was present 
in unrecognizable quantity. Nor is crystalline dolomite to be 
found as a gangue mineral in appreciable amount in the veins of 
the Wisconsin lead-zinc district, though calcite is very prominent 
indeed and is apparently essentially contemporaneous with the 
ores. The absence of Mg, then, suggests that descending solu- 
tions contributed the Ca with accompanying HCO,° ions, which 
helped neutralize rising, warm metalliferous waters. 

This suggestion does not discount the usual explanation of 
near-surface deposits, that they resulted from cooling and re- 
duction of pressure. However, it furnishes a real chemical 
mechanism hitherto generally ignored, and it offers a reasonable 
explanation of the noteworthy tendency for some deposits to be 
concentrated parallel and near to the surface. In itself it does not 
explain such inclined ore masses as those at Mascot, Tennessee, 
which are generally parallel to the bedding; even in such cases, 
however, essentially the same factors may operate, complicated 
only by a downward artesian flow in a shattered limestone as 
aquifer and by an obliquely upward course of the rising, metal- 
liferous solutions. 

Apparently similar conclusions have resulted from studies of 
strikingly different ores. In describing the mercury deposits of 
Terlingua, Ross ° observes that the primary ores appear to be con- 
centrated near the surface. This may be due, he suggests, to the 
fact that the solutions were probably weakly alkalic, a viewpoint 
previously discussed by Dreyer *° and by Fahey and his associates.” 
Ross maintains that surface waters might function not only 

7 Emmons, W. H., and Harrington, G. L.: A comparison of waters of mines 
and of hot springs. Econ. Grou., 8: 660, 1913. 

8 Newhouse, W. H.: op. cit., p. 430. 

® Ross, C. P.: The quicksilver deposits of the Terlingua region, Texas. Econ. 
GEot., 36: 141, 1941. 

10 Dreyer, R. M.: The geochemistry of quicksilver mineralization. Econ. GErot., 
35: 33-34, 37-38, 1940. 


11 Fahey, J. J., Fleischer, Michael, and Ross, C. P.: The geochemistry of 
quicksilver mineralization (Discussion). Econ. Gror., 35: 465-468, 1940. 
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to cool but also to neutralize the ascending mineralizing solutions, 
causing precipitation of cinnabar and of calcite. The adequacy 
of the cooling alone as a precipitant may be doubted, however, 
according to Dreyer.’” A similar suggestion was also made by 
Ross for quicksilver deposits in northern California.** 

The hypothesis that deposits are localized to near-surface posi- 
tions by reaction between mineralizing rising solutions and cool, 
neutralizing ground water merits further examination. It seems 
to afford a needed explanation for such localization, as well as 
for the composition of the associated liquid inclusions. It is 
perhaps more in accord with the facts, both geologic and chemical, 
than any other single explanation of near-surface primary deposi- 
tion under conditions not strictly solfataric or fumarolic. 

Cuas. H. Benre, Jr. 

CotuMBIA UNIVERSITY, 


Rospert M. GArRRELS. 
NORTHWESTERN UNIVERSITY, 


May 13, 1942. 


12 Dreyer, R. M.: op. cit., p. 32. 
18 Ross, C. P.: Quicksilver deposits of the Mayacmas and Sulphur Bank dis- 
tricts, California. U.S. Geol. Surv., Bull. 922—L: 328, 345, 1940. 
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Principles of Structural Geology, 3rd Edit. By CHartes Merrick 
Nevin. Pp. 320; Figs. 165. John Wiley & Sons, Inc. New York, 
1942. Price, $3.50. 


As in earlier editions, this textbook discusses descriptively and geneti- 
cally the ordinary structural features—folds, faults, joints, and cleavage. 
A chapter by Evans B. Mayo considers structural! features associated with 
igneous intrusions. Several of the later chapters, comprising somewhat 
more than a fourth of the volume, are devoted to larger problems of geo- 
tectonics, including hypotheses of diastrophism. 

No large changes have been made in the organization or content of 
the book, although some of the latest data and concepts have been in- 
corporated, such as the results of Griggs’ experiments under high pressure. 
The reviewer finds that from’ his own point of view as a teacher the book 
retains some objectionable features of earlier editions. For example, the 
term stress is used repeatedly where applied force seems to be intended. 
Thus Fig. 13 represents deformation of a body by “compressive stress” 
and by “shearing stress.” As is implied by the planes of shear in the 
figure, shearing stress is present under both of the assumed applications 
of force—by simple compression and by a force couple. It is true that 
some geologists habitually use stress broadly and somewhat loosely. To 
perpetuate this usage is unfortunate, however, especially in view of the 
increasingly close association of geologists with engineers and physicists. 

In the chapter on joints (p. 131) we read that “the major movement 
in jointing is perpendicular to the fracture surface,” and that joints dif- 
fer fundamentally in this respect from faults and fracture cleavage. 
Surely we are not prepared to make any such sweeping generalization re- 
garding all fractures that pass as joints. Although many joints as ob- 
served in the field have visible separation between the walls, “tight” joints 
in fresh rock commonly present no more evidence of movement at right 
angles to the walls than parallel to them. It is not always easy, as a 
practical matter, to distinguish between joints and fracture cleavage. The 


* Books noted under Reviews and Books Received may be ordered through the 
Economic Geology Bookshop, M, M. Leighton, Urbana, IIl., but orders for official 
reports and single copies of Journals should be sent directly to their publishers. 
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author seems to admit tacitly, by use of the term shear joint, that some 
joints develop through stresses which tend to cause movement parallel to 
the fracture surfaces. He states that “the use of these terms, tension joint 
and shear joint, does not indicate the type of stress to which the frac- 
tured mass has been subjected” (p. 133). Presumably stress in this 
sentence means applied force. Unless the terms for joints indicate types 
of causal stress in the engineering sense, what justification is there for 
these terms? 

The avowed purpose of the textbook is “to discuss, as simply as possible, 
the deformations of the earth.” This objective seems to be more nearly 
attained in some sections than in others. Students are puzzled by the state- 
ment, “In order to have the acute angle between sets of shears always face 
the maximum stress, it is necessary for the rock to increase its volume 
during deformation.” No accompanying explanation identifies this as 
merely one hypothesis which has been offered in an attempt to harmonize 
Hartmann’s law with the assumption that conjugate shears correspond to 
the “planes of no distortion” in a special form of the strain ellipsoid. 
The discussion of fracture cleavage (pp. 147-152) is in large part a 
somewhat speculative argument involving the shear and strain theories 
of deformation—a difficult and controversial field. The argument is 
bolstered by the statement, “Near the surface ... an incompetent and 
non-brittle shale . . . will fail according to a modified strain theory and 
will present the obtuse angle between conjugate breaks to a similar [non- 
rotational] stress.” Students will accept this as a statement of fact, but 
the reviewer does not know any unequivocal evidence to support it. 

No harm can result from presenting to students some theoretical aspects 
of structural geology. In fact such material is stimulating if it is 
clearly presented. However, confusion between hypotheses and demon- 
strated principles implants misconceptions, and is likely to give good stu- 
dents an unhappy feeling that the entire subject is poorly defined. 

There are of course more commendable features of the book than can 
be noted in a brief review. The illustrations are generally good, although 
some of them have inadequate explanatory legends. Thus Fig. 88, a good 
photograph, would be more instructive if it were accompanied by a dia- 
gram showing the attitude of bedding below as well as above the fault. 
No locations are indicated for nearly half of the more than forty views 
shown in halftone. The fault relations represented by diagram in Fig. 93 
may be geometrically possible, but will remain a mystery to students without 
additional explanation. Each of the chapters ends with a considerable list 
of useful references to literature, including some classical papers as well 
as more recent contributions. 


CHESTER R. LONGWELL. 
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The Geology of Crater Lake National Park, Oregon. By Hower 
WitiiaMs, Pp. vi-+ 162; Figs. 33; Pls. 31. Carnegie Institution of 
Washington, Publication 540, 1942. Price, $2.50 (paper), $3.50 (cloth). 


This is a scholarly monograph on one of the most interesting and 
spectacular volcanic features in the world. It reports what is already 
known in a clear and systematic way, and adds much new information, 
including a long section on the microscopic petrography of the volcanic 
rocks of the Crater Lake region. 

The story, well told by the author, is that of the former Mount Mazama, 
12,000 feet high, one of the largest volcanic cones in the Cascade Moun- 
tains. It was built wholly within Pleistocene time, its development inter- 
weaving in a complex way with the growth and melting of glaciers on the 
flanks and summit of the cone. 

About 5000 years ago the climactic outbursts occurred. First, pumice 
was showered over 4. vast area. Then, as the violence of the eruption in- 
creased, nuées ardentes swept down the sides of the volcano. During 
this outburst one and a half cubic miles of rock were torn from the walls 
of the crater, and five cubic miles of magma were ejected from the 
reservoir below. This caused the whole summit of the cone to collapse 
into the evacuated chamber, as Krakatoa was engulfed in 1883, leaving a 
caldera five miles wide and four thousand feet deep, which has half-filled 
with water to form the present Crater Lake. 

The monograph is amply illustrated with maps, sections, block diagrams, 
and a number of high-class photographs. Many of the latter are ac- 
companied by sketches explaining the rock sections they exhibit. 

This excellent piece of work can be read with profit by petrologist, vol- 
canologist, and general geologist. 

R. F, Frint. 


Oil Property Valuation. By Paut Patne. Pp. viii+ 195; Figs. 34. 
John Wiley and Sons, N. Y. Price, $2.75. 


This volume is designed primarily as a guide for young engineers. It 
treats in a not too technical fashion all phases of the subject, including 
meaning and scope of valuation, reserves factors influencing the value of 
oil and gas, methods of applying these, and the examination and report. 
The topics receive about equal attention, whereas previously published 
works deal chiefly with the estimate of recoverable oil and gas. A concise 
picture of the oil-producing business is presented in the chapters on prop- 
erties, unproved lands, and elements in a valuation. The different types of 
properties, leases, contracts, etc. and their bearing on valuation are dis- 
cussed; emphasis is placed on the material and economic elements which 
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influence the value of oil and gas, and the methods of applying these 
factors. One chapter is devoted to the general principles involved in the 
methods of estimating oil and gas content. A final section on the ex- 
amination and report is quite practical, and includes sample reports and 
accounting statements. Numerous references follow most of the chapters. 

The author manages to cover the subject thoroughly by confining him- 
self to fundamentals, and discussion of, to quote the author, “questions 
which arise in valuation practice, and the avenues of solution.” The 
number of specific cases, graphs and statistics is kept to a minimum. 
Geologists desirous of gaining a general knowledge of oil property 
valuation may find gathered in this book information which could not 
otherwise be obtained without reference to more detailed, technical works. 


C. W. HENDEL. 


BOOKS RECEIVED. 


Colorado School of Mines Quarterly. Vol. 37. Golden, Colorado. 
Single copies, 50 cents. 


No. 3. Contributions in Geology 1942. July, 1942. This number 
of the Quarterly contains Federow Method (Universal Stage) of In- 
dicatrix Orientation by J. C. Haff; The Beryl-Monazite Pegmatite 
Dike of Centennial Cone, Colorado by W. A. Waldschmidt and J. W. 
Adams; and Petrology Applied to Aggregates for Concrete by J. C. 
Haff. 


No. 4. The Occurrence and Production of Molybdenum. J. W. 
VANDERWILT. August, 1942. An excellent summary on molybdenum 
by a recognized authority. All interested in the subject will be espe- 
cially grateful for the concise historical material and the bibliography. 


Quarterly Chapter of State Mineralogist’s Report 38. California 
Journal of Mines and Geology. Vol. 38, No. 1, San Francisco, January, 
1942. Jn addition to the regular statistical summaries of such a report, 
this issue contains a paper on Mines and Mineral Resources of Sierra 
County, including a table of all mines and prospects, and a special article 
on Chromium, both by C. V. Averill. 


Proceedings of the Eighth American Scientific Congress Held in 
Washington, May, 1940. Dept. of State, Washington, 1942, 


Vol. IV Geological Sciences contains papers, covering both North 
America and Latin America, under the following subdivisions: Paleo- 
soic Formations and History; Mesozoic and Tertiary Formations and 
History; Mesozoic and Cenozoic Vertebrate Faunas and Floras; Tec- 
tonics, lgneous History and Physiography; General Geology; Eco- 
nomic Geology, subdivided into Petroleum Geology and Metalliferous 
Deposits; and V olcanology. 


Report of the Committee on the Measurement of Geologic Time 
1941-42. National Research Council, Washington, November, 1942. 
Price, 50 cents. The Annotated Bibliography of articles relating to 





eee 


74 REVIEWS. 


geologic time which were published between April 1, 1941 and April 1, 
1942 is included. The committee, Alfred C. Lane chairman, reports that 
henceforth the more immediately pressing work in physics and chemistry 
will necessarily largely confine the activities of the committee to preparing 
for later work after the let-down of war activity, but that the normal 
functions will be carried on as far as possible. 


U. S. Geological Survey, Washington, 1942. 
WATER SUPPLY PAPERS. 


887. Methods for Determining Permeability of Water-Bearing 
Materials. L. K. WeENzeL anv V. C. FisHet. Pp. 192; Figs. 17; 
Pls. 6. Price, 60 cents. 


897. Surface Water Supply of the United States, 1940. Pt. 7, 
Lower Mississippi Basin. G. L. PARKER AND OTHERS. Pp. 349 
+vi; Pl. 1. Price, 50 cents. 


899. Surface Water Supply of the U. S., 1940. Part 9, Colorado 
River Basin. G. L. PARKER AND OTHERS. Pp. 294-+-vi; Pl. 1. 
Price, 40 cents. 


906. Water Levels and Artesian Pressure in Observation Wells in 
the U. S. in 1940. Pt. 1, Northeastern States. O. E. Mernzer, L. 
K. WENZEL AND OTHERS. Pp. 226; Figs. 10. 


907. Water Levels and Artesian Pressure in Observation Wells in 
the U.S. in 1940. Pt. 2, Southeastern States. O. E. Mernzer, L. 
K. WENZEL AND OTHERS. Pp, 120; Figs. 9. Price, 20 cents. 


909. Water Levels and Artesian Pressure in Observation Wells in 
the U. S. in 1940. Pt. 4, South-Central States. O. E. Mernzerr, L. 
K. WENZEL AND OTHERS. Pp. 208; Figs. 7. Price, 25 cents. 


912. Industrial Quality of Public Water Supplies in Georgia, 1940. 
W. L. Lamar. Pp. 83; Fig. 1. Price, 15 cents. 


PROFESSIONAL PAPERS 


197-A. Alkalic Rocks of Iron Hill, Gunnison County, Colorado. 
E. S. Larsen. Pp. 64; Figs. 9; Pls. 3. Price, 40 cents. 


197-B. Oligocene Foraminifera Near Millry, Alabama. J. A. 
CusHMAN AND WINNIE McGLamery. Pp. 19; Pls. 4. Price, 10 
cents. 


Canada Dept. Mines and Resources. Geol. Surv. Paper 42, Ottawa, 
1942. Recent maps of the series of Canadian geologic maps. Price, 
10 cents each. 


42-1. Mansonville, Quebec. J. W. Amprose. Prelim. map. 


42-2. Manson Creek, British Columbia. A. H. Lance. Second 
Prelim. map. 


42-3. Marble Mountain Map-Area, Alberta, Summary Account. 
H. H. Beacw. Pp. 15. Prelim. Map and Report. 
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42-4. Brock River Map-Area, Abitibi and Mistassini Territories, 
Quebec. Summary Account. E. D. Kinpie. Pp. 7. Prelim. 
Map and Report. 


42-5. Cypress Lake, Saskatchewan. G. M. Furnivat. Prelim. 
map. 


42-6. Princeton, British Columbia. H. M.A. Rice. Prelim. map. 
42-8. Bassano, Alberta. J.S.Srewarr. Prelim. map. 
42-10. Fastmain, Quebec. G.SuHaw. Prelim. map. 


Map of Oil and Gas Fields of West Virginia. E. T. Heck anp C. E. 
Hare. West Virginia Geol. Surv., Morgantown, 1941. Size 60” x 42”, 
scale 1”==4 miles. In color. 


Oil and Gas Map of Illinois. A. H. Bett anp G. V. ConeEe. Illinois 
Geol. Surv., Urbana, 1941. Size 28” x 48”, scaie 1”==8 miles. In 
color. 


Electrical Well Logging in the Eastern States. P. A. Dickey. Pp. 
30; Figs. 20. Penn. Topographic and Geol. Surv. Progress Rep. 129. 
Harrisburg, 1942. 


Lateral Variation in Chester Sandstones Producing Oil and Gas in 
Lower Wabash River Area. G. V. Couer. Pp. 13; Figs. 8. Illinois 
Geol. Surv. Rep. of Invest. 84. Urbana, 1942. 


Tallahatchie County Mineral Resources. R. R. Prippy anp T. E. 
McCurcHeon. Pp. 157; Figs. 15; Maps 2. Mississippi Geol. Surv. 
Bull. 50. University, 1942. 


Dolomites and Magnesian Limestones in Georgia. A. S. Furcron. 
Pp. 29. Georgia Dept. Nat. Resources Inf. Circ. 14. Atlanta, 1942. 


A Bibliography of Oklahoma Oil and Gas Pools A. G. SKELTON AND 
M. B. Sxetton. Pp. 230. Oklahoma Geol. Surv. Bull. 63. Norman, 
1942. 


Stratigraphy of the Pre-Greenhorn Cretaceous Beds of Kansas. N. 
PLUMMER AND J. F. Romary. Pp. 33; Figs. 4; Pls. 2. Kansas Geol. 
Surv. Bull. 41. Lawrence, 1942. 


Exploration for Oil and Gas in Western Kansas During 1941. W. A. 
VerWiese. Pp. 123; Figs. 42. Kansas Geol. Surv. Bull. 42. Law- 
rence, 1942, 


The Mineral Wool Industry in New Jersey. J. M. Van Vooruis. 
Pp. 74; Figs. 12. New Jersey Dept. Conservation and Development. 
Geol. Ser. Bull. 56. Trenton, 1942. 
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JOINT MEETING SOCIETY OF ECONOMIC GEOLOGISTS AND 


AMERICAN INSTITUTE OF MINING AND METALLURGICAL 
ENGINEERS FEBRUARY 15-17, 1943. 
PROGRAM. 
Monday, February 15, 1943. 
2:45-5:00 P.M. 


Miscellaneous Papers, Chiefly on Industrial Minerals. 


( 


Joint Session with Mining Geology Committee and Industrial Minerals 
Division, A.I.M.E.). 


Presiding Officers—G. R. Mansfield and H. I. Smith. 
Each paper has been allotted 15 minutes. 


1, 


2. 


Mica mining and preparation cost. B.C. Burgess, Carolina Pyrophyllite 
Co., Spruce Pine, N. C 

Mica-bearing pegmatites of North Carolina. David Keppel, Colonial 
Mica Corp., Spruce Pine, N. C. 

. Mica in Georgia. Garland Peyton, Georgia Geol. Surv., Atlanta 


. Fluorspar deposits of St. Lawrence, Newfoundland. R. E. Van 
Alstine, U. S. Geol. Survey, Washington 


. Use of fibrous glass by Army and Navy. Maj. H. D. Keiser, Services 
of Supply, War Department 


. Mining a deep limestone deposit in Ohio. G. A. Morrison, Pittsburgh 
Plate Glass Co., Barberton, Ohio 


. Nature and significance of certain variations in composition of Los 
Angeles Basin groundwater. R. R. Morse, Shell Oil Co., Houston, 
Texas. 


. Review of industrial minerals in 1942. Oliver Bowles, U. S. Bur. 
Mines, Washington. 


Tuesday, February 16, 1943. 
9 :00-11:45 A.M., Auditorium. 


Progress Reports on Strategic Industrial Minerals. 


( 


Joint Session with Industrial Minerals Division and Mining Geology 
Committee, A.I.M.E.). 


Presiding Officers—Oliver Bowles and P. M. Tyler. 
76 
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1, Asbestos (10 minutes). Oliver Bowles, U. S. Bur. Mines, Washington 


2. Industrial diamonds (10 minutes). F. G. Rockwell, War Production 
Board, Washington 


3. Mica (10 minutes). R. B. Ladoo, Colonial Mica Co., New York City 


4. Quartz crystals (10 minutes). R. E. Stoiber, U. S. Army Signal Corps, 
Washington 


5. Beryl (10 minutes). C. W. Davis, U. S. Bur. Mines, Washington 

6. Lithium and strontium (10 minutes). Charles Harness, U. S. Bur. 
Mines, Washington 

7. Fluorspar (15 minutes). J. S. Williams, U. S. Geol. Survey, Wash- 
ington 

8. Summary and results of work on graphite deposits of the United States 
(15 minutes). L. W. Currier, U. S. Geol. Survey, Washington 


9. Ceramic minerals (10 minutes). A. F. Greaves-Walker, War Produc- 
tion Board, Washington 


Tuesday, February 16, 1943 
12 :00-2 :00 P.M. 

Council Meeting, Society of Economic Geologists, at luncheon, General 
Dining Room, Engineers Club adjoining Engineering Societies 
Building. 

W. J. Mead, Presiding. 

2:00-5:00 P.M., Auditorium. 

Stock Piling and Mineral Supply. 

(Joint Session with Mining Geology Committee and Industrial Minerals 
Division, A.I.M.E.). 

Presiding Officers—W. J. Mead and B. L. Miller 


1. Stock piles of metals and minerals (30 minutes). W. Y. Elliott, 
Stockpile Branch, War Production Board, Washington 


2-6. Problems of stockpiling and metal supply (Round Table) (40 
minutes). C. K. Leith, War Production Board, Washington (gen- 
eral) ; W. O. Hotchkiss, Rensselaer Polytechnic Institute, Troy, N. Y. 
(general) ; R. C. Allen, Oglebay, Norton Co., Cleveland (iron ore) ; 
F. A. Ayer, War Production Board, Washington (copper); G. C. 
Heikes, War Production Board, Washington (zinc). 


. Foreign minerals developments (15 minutes). A, M. Bateman, Board 
of Economic Warfare, Washington 
. Recent developments in the Argentine (Kodachrome slides) (20 min- 
utes). J. T. Singewald, Jr., Johns Hopkins University, Baltimore 
9. The South American minerals picture (Kodachrome slides) (15 min- 
utes). C. W. Wright, Board of Economic Warfare, Washington 


10. Recent tungsten developments in the west (15 minutes). I. B. 
Joralemon, Metals Reserve Corpn., Washington 
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5:00-6:00 P.M., Alcove, 10th Floor 


Council Meeting, Society of Economic Geologists. 
Presiding Officer—W. J. Mead 


Wednesday, February 17, 1943. 
9 00-11 :45 A.M. 


New Methods in Ore Search and Newly Studied Ore Deposits. 
(Joint Session with Mining Geology Committee, A.I.M.E.). 
Presiding Officers—D. H. McLaughlin and R. C. Allen 

Each paper has been allotted 15 minutes. 


EE 


2. 


10. 


a1. 


12. 


History and geology in the search for mercury ore. E. B. Eckel, U. S. 
Geol. Survey, Washington 

Geologic principles in the search for chromite ore. J. W. Peoples, F. G. 
Wells, T. P. Thayer, and A. L. Howland, U. S. Geol. Survey, 
Washington 


. Gravimeter survey for chromite in Cuba. W. L. Cumings and D. M. 


Fraser, Bethlehem Steel Co., Bethlehem, Pa. 


. Origin of some chromiferous sands along the southwestern Oregon 


coast. A. B. Griggs and F. G. Wells, U. S. Geol. Survey, Washington, 
|W ip, OF 


. Alleged mineral zoning at Mount Isa, Australia. Roland Blanchard, 


Mount Isa Mines, Australia 


. Vanadiferous shale in the Phosphoria formation, Wyoming and Idaho. 


W. W. Rubey, U. S. Geol. Survey, Washington. 


. Mineralization of the Middle Butte district, California. H. J. Fraser, 


J. J. Jordan, and A. Smith, Calif. Inst. Technol., Pasadena, Calif. 


. Mineralogy of the manganese oxides. Michael Fleischer and W. E. 


Richmond, U. S. Geol. Survey, Washington 


. Composition of some chromites of the Western Hemisphere. R. E. 


Stevens, U. S. Geol. Survey, Washington 


Use of the Geiger-Mueller counter in search for pitchblende-bearing 
veins in Great Bear Lake. G. C. Ridland, Johns-Manville Research 
Lab., Manville, N. J. 


Porphyry-sediment contacts at Dome Mine, Ontario (by title). Ter- 
rence C. Holmes, South Porcupine, Ont. 


Geology of the Red Rose tungsten mine, northern British Columbia 
(by title). J. S. Stevenson, Dept. of Mines, Vancouver, B. C. 


Wednesday, February 17, 1943. 
12:15-2:00 P.M., Room 4, Engineers Club. 


Meeting at Luncheon of Mining Geology Committee of the A.I.M.E. 


The committee cordially invites the members of the Society of Economic 
Geologists to attend this luncheon. 
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2:00-5:00 P.M. 


Progress in the Search for Strategic Ores. 

(Joint Session with Mining Geology Committee, A.I.M.E.). 
Presiding Officers—J. T. Singewald, Jr., and D. F. Hewett 
Each paper has been allotted 15 minutes. 


if 


bo 


un 


Progress in exploration for deposits of strategic ore minerals by the 
U. S. Geological Survey. D. F. Hewett, U. S. Geol. Survey, Wash- 
ington 


. Progress in exploration for deposits of strategic ore minerals by the 


U. S. Bureau of Mines. E. D. Fitzhugh, U. S. Bur. Mines, Washing- 
ton 


. Recent bauxite exploration. Josiah Bridge, U. S. Geol. Survey, Wash- 


ington 


. Summary of results of exploration for iron ore in the far western 


States. E. F. Burchard, U. S. Geol. Survey, Washington 


. Present status of manganese investigation. T. A. Hendricks, U. S. 


Geol. Survey, Washington 


. The pyrometasomatic deposits at Iron Mountain, New Mexico, and 


their bearing on exploration for beryllium ores. R. H. Jahns, Jr., 
U. S. Geol. Survey, Washington 


. War minerals in Newfoundland. A. K. Snelgrove and C. K. Howse, 


Geol. Survey of Newfoundland, St. Johns, Newfoundland 


. Geology of some nickel silicate deposits in Central and South America. 


W. T. Pecora, U. S. Geol. Survey, Washington 


7:00 P.M., Columbia University Club, 4 W. 43 St. 


Dinner, Society of Economic Geologists and Geological Society of America, 





Brief Business Meeting of the Society of Economic Geologists. 
Presentation of Penrose Medal of the Geological Society of America 
to Professor C. K. Leith. Presiding Officers—W. B. Heroy (S.E.G.) 
and E. L. Bruce (G.S.A.). The Medalist will be introduced by C. R. 
Longwell and the medal presented by Professor Bruce, following 
which there will be an address by Professor Leith. Dress optional. 
Reservations must be made by February 13. 





———————————————————————e— 


Abstracts of Papers Presented at the Twenty-Third Annual Meeting in 
Conjunction with the American Institute of Mining and Metallurgical 
Engineers, New York City, February 15-17, 1943. 


FLUORSPAR DEPOSITS OF ST, LAWRENCE, 
NEW FOUNDLAND.. 


RALPH E. VAN ALSTINE 
(Introduced by A. F. Buddington) 


Fluorspar from Newfoundland, eighth ranking producer of the world, 
comes entirely from the St. Lawrence district. Here pre-Cambrian lavas 
and pyroclastics, Cambrian sedimentary rocks, Ordovician (?) volcanic 
and sedimentary rocks, and a Paleozoic alaskite-granite comprise the 
bedrock. 

Epithermal fluorite veins occupy steeply-dipping fault fissures in granite, 
rhyolite porphyry, and lamprophyre. Eleven veins show walls bearing 
nearly horizontal striations; one vein bears only vertical striations; and 
the walls of three veins show both horizontal and vertical striations. The 
strikes of nearly all veins are within 45° of the normal to the walls of the 
elongated granite mass. Some veins are more than a mile long, and con- 
tain numerous workable lenses. Veins are of two types—high grade veins 
containing over 95 per cent CaF. and averaging 5 feet thick, and lower 
grade veins containing about 75 per cent CaF. and averaging between 15 
and 20 feet thick. 

The chief sulphides are pyrite, chalcopyrite, sphalerite, and argentiferous 
galena. Gangue minerals are quartz, calcite, and rare barite. Blastonite, 
local name for material composed of microcrystalline quartz and brecciated 
fluorite, sometimes forms as much as 10 per cent of a vein. A nodular 
fluorspar probably formed by alternate rotation of fragments of breccia 
and deposition of fluorite. 

Regional zoning is shown by the distribution of barite and green fluorite. 
Barite shows a distinct zone of localization, and green fluorite predominates 
in veins both near the granite contacts and farther from the granite body. 

This district will undoubtedly occupy a still more prominent position 
among producers of fluorspar. 


GEOLOGY OF THE RED ROSE TUNGSTEN MINE, 
NORTHERN BRITISH COLUMBIA}! 


JOHN S. STEVENSON, 





The writer visited the property in 1940 and again in 1942 shortly after 
milling of tungsten ore had started. 

Scheelite and ferberite occur in a steeply dipping, lenticular quartz vein. 
The rock formations include argillaceous tuff, diorite sills, granodiorite, 
and late feldspar-porphyry dykes. The deposit is only 750 feet from the 
contact of the Rocher Déboulé batholith. 


1 Published with the permission of the Chief Mining Engineer, B. C. Department 
of Mines. 
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The ore has been localized where the quartz vein intersects a 400-foot 
diorite sill; it is not found where the vein intersects the adjacent sediments. 

In addition to quartz, the vein-minerals, listed in order of abundance, 
include: scheelite, ferberite, apatite, orthoclase, chalcopyrite and molyb- 
denite. Both glassy, replacement quartz and milky, fracture-filling quartz 
are found in the vein. The tungsten minerals are more abundant in the 
later, milky quartz than in the earlier, replacement type. 

The mineral association and proximity to the Rocher Déboulé batholith, 
suggest deposition at high temperature and the lenticularity of the vein 
implies deposition at high pressure under a great thickness of cover-rocks. 

Inasmuch as this productive deposit is thought to be hypothermal, it is an 
exception in a class not ordinarily forming commercial deposits of 
scheelite. 


WAR MINERALS IN NEWFOUNDLAND. 
A. K, SNELGROVE AND C. K. HOWSE. 


Long-established sources in Newfoundland are supplying iron (Wabana), 
zinc, lead and copper (Buchans) and limestone flux (Aguathuna). The 
Geological Survey, now concentrating its prospecting, geological and 
diamond drilling activities on war minerals, has been responsible in varying 
degree for stimulating new or increased production of pyrophyllite 
(Manuels), high-grade magnetite (Indian Head), and fluorspar (St. 
Lawrence). St. Lawrence fluorspar is Newfoundland’s most important 
new mineral development of the past decade. 

Massive chromite deposits discovered by the Geological Survey inland 
from Port au Port Bay, west coast, and drilled to shallow depth, were 
found to contain only smal! tonnages. These are not yet being worked. 
More extensive bodies of disseminated chromite are also present. Drilling 
of Cambrian manganese beds at Conception Bay, east coast, revealed 
mostly carbonate which is not amenable to beneficiation. Cores taken 
recently from Ronan strontium deposit, Port au Port Bay, indicate a 
sizeable body. 

Molybdenum, pyritic copper, lead, and zinc-bearing gold deposits of 
near marginal tonnage or grade await development. 

In Newfoundland Labrador private interests are exploring a large in- 
land concession; reputedly great deposits of iron ore found there probably 
will not be developed during the war. Graphite on the Labrador coast is 
being tested. 


GEOLOGIC PRINCIPLES IN THE SEARCH FOR 
CHROMITE ORE? 


J. W. PEOPLES, F. G. WELLS, T. P, THAYER, A. L. HOWLAND. 


The Geological Survey, United States Department of the Interior, since 
1939 has thoroughly investigated many, and examined a majority of the 
known chromite deposits in the Western Hemisphere, including all the 
principal mines in Alaska, the United States, Brazil, Cuba, Guatemala, and 
Mexico. Samples from most deposits of economic interest have been 
analyzed. 


2 Published with the permission of the Director, United States Geological Survey. 
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The composition of cleaned chromite is known to range from 22 to 61 
per cent Cr.Os, indicating a solid solution series in the chromiferous spinels. 

Two principal types of deposits have been recognized, namely: stratiform 
and sackform. The stratiform deposits occur as layers in the lower por- 
tions of layered basic intrusives, and may be prospected, explored, and 
mined as bedded deposits. The sackform deposits occur as_ highly 
irregular, though usually lenticular, masses in peridotite. The sackform 
deposits are almost everywhere found in dunite, and tend to occur in 
clusters. Although no other general principles have been found applicable 
as guides for prospecting in all chromite districts, some structural criteria 
have proved to be of value within certain districts. Geophysical pros- 
pecting by gravimeter and magnetometer, directly or indirectly have been 
moderately successful in certain situations, but are subject to severe limita- 
tions. 


GEOLOGY OF SOME NICKEL-SILICATE DEPOSITS 
WILLIAM T. PECORA. 
(introduced by D. F. Hewett) 


Recent field investigations by the Geological Survey of nine nickel- 
silicate deposits in the United States, Brazil, Dominican Republic, and 
Venezuela support the general conclusion that nickel-silicate deposits have 
resulted from supergene enrichment of a lateritic mantle in regions where 
low-lying erosional surfaces underlain by peridotite have been uplifted to 
higher altitudes. The ore mineral of such deposits is garnierite, a 
hydrated magnesium-nickel silicate, varying in composition from a few to 
several per cent of nickel, with the richer varieties having darker hues 
of green, higher specific gravity, and higher refractive index. 


THE PYROMETASOMATIC DEPOSITS AT IRON MOUN- 
TAIN, NEW MEXICO, AND THEIR BEARING ON Ex- 
PLORATION FOR BERYLLIUM ORES? 


RICHARD H. JAHNS. 


The beryllium deposits at Iron Mountain, near the northern end of the 
Sierra Cuchillo in Sierra and Socorro Counties, New Mexico, are unusual 
products of contact metamorphism. They occur in irregular bodies of 
tactite formed from gently dipping beds of Paleozoic limestone, generally 
at or near contacts with small intrusive masses of rhyolite, aplite, and 
fine-grained granite. The metamorphism is mid-Tertiary in age. Beryl- 
lium is present chiefly in the complex silicate mineral helvite and as minor 
constituents in grossularite, in a boro-silicate mineral near vesuvianite, 
and possibly in chlorite. These minerals are known to occur in note- 
worthy concentrations in only one type of rock, a peculiar, rhythmically 
layered variety of tactite to which the name “ribbon rock” has been given. 
The structure of such tactite is very conspicuous, and appears on random 
surfaces as thin, finely crenulated bands of magnetite alternating with 
similar bands of silicate minerals and finely crystalline fluorite. Concentric 
banding is common. Bodies of “ribbon rock” vary in size from lenses 


2 Published with the permission of the Director, United States Geological Survey. 
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one inch thick to large masses amounting to thousands of tons; field rela- 
tions indicate their deposition by replacement along contacts between re- 
crystallized limestone and massive andradrite-magnetite tactite, chiefly by 
replacive solutions working into the limestone from fractures. The layered 
structure is interpreted as a diffusion effect. 

The association of Iron Mountain beryllium-bearing minerals with mag- 
netite and fluorite and their occurrence in the remarkable “ribbon rock” 
tactite are consistent features, and as such they may well be useful clues 
for recognition of pyrometasomatic beryllium occurrences elsewhere. Pos- 
sibly the mid-Tertiary age of the Iron Mountain deposits is of additional, 
though more local significance. 


ORIGIN OF SOME CHROMIFEROUS SANDS ALONG THE 
SOUTHWESTERN OREGON COAST. 


A. B. GRIGGS AND F. G. WELLS. 


Exploration by the U. S. Geological Survey in cooperation with the 
Oregon State Department of Geology and Mineral Industries and by 
private groups has furnished definite data on the shape, size, content, 
and distribution of chromiferous sand deposits in the raised beaches or 
marine terraces along the southwestern Oregon coast. The deposits are 
concentrates of chromite and other heavy minerals and are commonly 
called “black sands” because of their color. They occur as layers 
or lenses which vary from less than a foot to more than 30 feet in 
thickness, from a few tens of feet to several hundred feet in width, and 
from a few hundred feet to a mile or more in length. Elongate parallel to 
the former coast lines, they are usually at or near the backs of the terraces 
and are covered by from 5 to as much as 100 feet of sand, clay, and gravel. 
The average Cr.O; content of the separate deposits ranges from 5 to 9 
per cent. Other minerals common in these “black sands” include garnet, 
olivine, pyroxene, magnetite, ilmenite, zircon, and quartz. The probable 
original source of the chromite is in the pre-Tertiary ultramafic rocks in 
the adjacent Coast Range and Klamath Mountains, although the chromite 
may have been immediately derived in large part through the reworking of 
Tertiary sediments. The “black sands” were concentrated by wave and 
current action in favorable places which are controlled by the irregularities 
in the coast lines and wave-cut benches. 


MINERALIZATION OF THE MIDDLE BUTTE DISTRICT, 
CALIFORNIA. 


HORACE J. FRASER, J. J. JORDAN AND A. SMITH 
(Introduced by H. J. Fraser) 


The gold-silver deposits of the Middle Butte district, located in Kern 
County near Mojave, California, represent an excellent example of low 
intensity deposition in silicic igneous rocks. The district lies about thirty 
miles east of the intersection between the San Andreas fault to the south- 
west and the Garlock fault to the northwest. The butte is composed of 
rhyolitic flows and intrusions resting on quartz monzonite. Shear zones 
and faults in the vicinity of the monzonite-rhyolite contact are the loci of 
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mineralization. Inter-imineralization movement has been repeated several 
times and successive phases of mineralization are characterized by dis- 
tinctive types of quartz, sulphides and alteration products. The earliest 
solutions deposited barren bony white quartz. The next stage was 
characterized by transparent quartz, common sulphides, gold and ruby 
silvers together with minor amounts of an alunite-dickite gangue. The 
third, main surge of mineralization resulted in a gangue of alunite, dickite 
and quartz together with gold, argentite, and minor cinnabar, realgar and 
orpiment. Ot particular interest is the correlation between near surface 
gold-alunite mineralization in the hangingwall rhyolite and deeper, en- 
riched zones in the Cactus and Silver Prince mines. The extremely fine 
grained sulphide ores show distinctive zoning with depth. 


SUMMARY AND RESULTS OF WORK ON GRAPHITE 
DEPOSITS OF THE UNITED STATES? 


L. W. CURRIER. 


Before the War the country’s needs for commercial “flake” graphite 
suitable for crucibles were supplied almost entirely by importation from 
Madagascar and Ceylon, and Madagascar graphite had largely supplanted 
Ceylon graphite for this use. In earlier decades flake graphite had been 
obtained from several domestic sources, but from 1922 to 1940 production 
was negligible; in 1940 activity was revived in Alabama and Texas. With 
cutting off of imports “flake” graphite became a critical mineral, necessitat- 
ing further development of domestic resources. 

In 1940 the U. S. Geological Survey started an investigation of graphite 
deposits of eastern United States at request of the Office of Production 
Management. Detailed studies were made of the mine and prospects in 
the vicinity of Pope Mills, St. Lawrence County, N. Y. Following this the 
formerly productive districts of eastern and southern Adirondacks were 
reviewed in the field. In 1941 the Alabama, and Chester Co., Pennsyl- 
vania districts were studied at the request of the War Production Board. 
Other investigations include deposits at Suffern N. Y., Siskiyou County, 
California, and Sturbridge, Massachusetts. 

Field studies by the U. S. Geological Survey, U. S. Bureau of Mines, 
War Production Board, Texas Bureau of Economic Geology, and Geologi- 
cal Survey of Alabama have led to considerable exploration and develop- 
ment in Pennsylvania, Alabama, and Texas. A sufficient quantity of flake 
graphite of crucible grade will probably be produced from these areas to 
supply the Nation’s requirements for several years. The War Production 
Board reports that 5 mills—3 in Alabama, and 1 each in Pennsylvania and 
Texas—are in operation or will be operating very soon. 


GRAVIMETER SURVEY FOR CHROMITE IN CUBA. 


W. L. CUMINGS AND D. M. FRASER. 


In the early part of 1942 a gravimeter survey was carried out in the 
vicinity of Camaguey, Cuba. 

Stations were located on a 20 meter grid and unusual care was exercised 
to obtain a high degree of accuracy in all observations and calculations. 
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A number of gravity “highs” were located. By geological field work and 
by extensive drilling it has been possible to show that these highs are due 
to one, and sometimes more, of the following relationships: 

1. Dense serpentine in less dense serpentine. 

2. Gabbro masses in serpentine. 

3. An area of shallow limonitic mantle surrounded by an area of deeper 
limonitic mantle. 

4. An outcrop of compact serpentine or gabbroic rock surrounded by 
similar material but weathered. 

5. Chromite in serpentine. 


MINERALOGY OF THE MANGANESE OXIDES? 
MICHAEL FLEISCHER AND W. E. RICHMOND. 
(Introduced by W. T. Schaller) 


This paper summarizes the results obtained thus far in an intensive 
study of the manganese oxide minerals. X-ray powder photographs, sup- 
plemented by chemical tests, have proved to be the best means for identify- 
ing these minerals. The chemical compositions and physical properties 
of the following minerals are outlined briefly: bixbyite, braunite, corona- 
dite, cryptomelane, hausmannite, hollandite, lithiophorite, manganite, 
psilomelane, pyrolusite, ramsdellite, rancieite. Accessory elements (cobalt, 
tungsten, zinc and others) occurring in these minerals are discussed. 


COMPOSITION OF SOME CHROMITES OF THE WESTERN 
HEMISPHERE.? 


ROLLIN E. STEVENS. 
(Introduced by R. C. Wells) 


The composition of chromites is discussed as revealed by new chemical 
analyses of the purified mineral. Chromites are part of an isomorphous 
series of the general formula RO-R.O;, and the 52 new analyses show, in a 
general way, the limits of isomorphism in the series. The study suggests 
the simplification of the series into composition types. The results of 
143 partial analyses of purified chromite, for chromium and iron only, are 
also described. 

The analyses are of chromite from a large number of deposits in the 
Western Hemisphere, and they indicate the grade of chromite that may be 
obtained, after purification, from the various localities studied. 


RESULTS OF EXPLORATION FOR IRON ORE IN FAR 
WESTERN STATES? 
E. F, BURCHARD. 


Recent work on iron ore in the West was begun by the Geological 
Survey with a general reconnaisance in 1940, and since October, 1941 has 
been followed by intensive geologic studies of promising deposits. 
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Examinations have been made in eight states of twelve deposits that 
represent an interesting variety of geologic associations. Five typical 
deposits are considered below. In the Eagle Mountains, Calif., there are 
contact-metamorphic deposits in which the ore replaces and is associated 
with dolomite, quartzite, and lime-silicate rocks intruded by quartz mon- 
zonite. In Bull Valley, Utah, are deposits in which the iron may have 
been liberated from an intrusive syenite porphyry stock in heated gases 
containing ferric chloride and water. These gases deposited magnetite 
and hematite in fissures and replaced contiguous fractured limestone. In 
the Apache Indian Reservation, Arizona, bedded hematite has replaced 
Cambrian (?) sandstone and banded chert near a body of intrusive 
diabase. At Scappoose, Oregon, fairly good limonite occurs interbedded 
with weathered Miocene basalt. On Clealum River, Washington, masses 
of hematite, magnetie, and limonite represent metamorphosed ferruginous 
laterite which was formed on the surface of a belt of pre-Tertiary peri- 
dotite overlain by Teritiary sandstone and conglomerate. 

These investigations have proved the existence of larger ore reserves 
in the West than were formerly known and also have demonstrated that 
certain deposits do not warrant basing an iron industry solely upon them. 
Opportunity for conservation of private capital and savings to the United 
States Treasury have been indicated. 


MICA BEARING PEGMATITES OF NORTH CAROLINA 
DAVID KEPPEL 


The present increase in mica mining offers an excellent opportunity to 
study pegmatites producing strategic mica. Mines illustrating the follow- 
ing occurrences are described briefly: narrow dike in which mica occurs 
more or less throughout, larger dike in which mica occurs in well-defined 
“columns” or ore shoots, dike in which mica is concentrated on hanging 
wall and footwall with quartz core between, and segregation of quartz and 


mica in a large body of fine-grained pegmatite. Problems connected with 
mining are discussed. 


STRUCTURAL AND MINERALOGICAL FEATURES OF 
BERYL PEGMATITES ? 


LINCOLN R. PAGE, JOHN B. HANLEY, E. WM. HEINRICH 
(Introduced by Harold M. Bannerman) 


Following an investigation of beryl pegmatites in several states by the 
Geological Survey, generalizations can be made that should aid in the 
prospecting and mining of pegmatites for beryl. 

In the pegmatites examined, concentrations of beryl occur in miner- 
alogical and textural zones quite distinct from adjacent barren zones. 
These show definite structural relationships to the country rock or to 
adjacent parts of the pegmatite. Three distinct types and ages of beryl 
have been recognized, even within single pegmatite dikes and enclosing 
wall rock. The earliest-formed beryl occurs in zones as small anhedral 
crystals, skeletal crystals or “shells,” and “corroded” anhedral grains as- 
sociated with plagioclase, mica, and quartz. Crystals and anhedral grains 
of beryl introduced into the wall rocks are probably of about this age. 
First-generation beryl can be recovered only by milling. A second gen- 
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eration of beryl occurs in a zone parallel to the outer edges of very coarse 
grained pegmatite cores. It forms very large anhedral or “corroded” 
crystals associated with albite, potash feldspars, quartz, muscovite, and 
lithium or tantalum minerals. It can in part be recovered by hand sorting 
but in part only by milling. In some pegmatites beryl in small quantities 
lines vugs and appears to be one of the last pegmatite minerals to form. 
This variety is useful only as gem material. 


VANADIFEROUS SHALE IN THE PHOSPHORIA FORMATION, 
WYOMING AND IDAHO? 


WILLIAM W. RUBEY 


The presence of small amounts of vanadium in western phosphate rock 
has been known since 1911 and in the past two years vanadium has been 
recovered as a by-product from phosphate rock mined by the Anaconda 
Copper Mining Company at Conda, Idaho. In the course of classification 
of public lands, the Geological Survey has determined the vanadium con- 
tent of phosphate rock in Idaho, Wyoming, Montana, and Utah and in 
recent years of many samples of other rock types associated with the 
phosphate. Field investigations in 1942 in the region that appeared most 
promising from available information disclosed several areas that seem 
to warrant more intensive examination. Some of these areas are now 
under active exploration by the Metals Reserve Company and Bureau of 
Mines. 

The region is mountainous and the rocks are sedimentaries that have 
been intensely deformed and broken by thrust and normal faults. The 
highest concentrations of vanadium (0.5 to 2.0% V:Os) are found in car- 
bonaceous and graphitic (?) mudstone. Throughout most of the region 
the vanadium occurs principally in a single bed about 3 feet thick. Esti- 
mates indicate the presence of many million tons of rock that contains 
0.75% or more V2Os. 


TUNGSTEN MINING IN ARGENTINA. 
JOSEPH T. SINGEWALD, JR. 


The Argentine mining industry has been handicapped by the scarcity of 
known ore deposits of large size, by transportation difficulties, and by lack 
of water. Expansion of production of strategic minerals is now handi- 
capped by scarcity of fuel and lack of mining equipment and supplies. 

The tungsten mineralization is widespread in both the Pampa Ranges 
and in the Andes, but most of the deposits are small and the tenor of the 
ore is low. Four-fifths of the operating mines produce an average of 
only 1 ton of concentrates monthly. A single large mine is producing 
one-third of the present production which aggregates 150 tons of concen- 
trates monthly. The concentrates consist of about equal tonnages of 
wolframite and scheelite. 


SUMMARY OF RESULTS OF GEOLOGIC EXPLORATION FOR 
FLUORSPAR? 
JAMES STEELE WILLIAMS 


Because of greatly increased demands for fluorspar for the steel and 
aluminum industries, the Geological Survey, at the request of the War 
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Production Board, has undertaken an intensive study of fluorspar districts 
in an effort to enlarge and estimate known reserves and to point out areas 
in which geological conditions are favorable for the occurrence of new 
deposits. The work is being done in cooperation with State geological 
surveys, particularly with the Illinois State Geological Survey, and in 
some places with engineers of the Federal Bureau of Mines, War Produc- 
tion Board and other governmental agencies. 

Field parties are at work in Kentucky, Illinois, New Mexico, and 
Colorado. Principal deposits in other states, not already examined, will 
be investigated during the coming field season. As fast as time and 
facilities permit, maps on a scale of 1 inch to 100 feet showing topography, 
surface geological features, and data based on mine workings and avail- 
able subsurface information are being made of favorable areas. In the 
initial stages areas near milling facilities are being studied, but properties 
more remote will be mapped later. Drilling and shaft sinking, hitherto 
done mainly by private companies and individuals, have been closely 
watched and geological problems discussed to mutual advantage with the 
operators as the work progressed. This cooperation has already led to 
the finding of appreciable quantities of high grade fluorspar and zinc ore 
by drilling along faults that had been more accurately located by the large 
scale mapping. 

Some areas recommended on the basis of geological study are being 
explored by private capital and plans have been made by the Bureau of 
Mines and other governmental agencies to explore or aid in the develop- 
ment of others. 


SUMMARY OF SOUTH AMERICA’S SOURCES OF 
MINERAL SUPPLY 


CHARLES WILL WRIGHT 


Mr. Wright will present informally a series of maps showing the loca- 
tions of the principal productive mines and mining areas in South America, 
will mention briefly the occurrences of the ferrous, nonferrous, and non- 
metallic minerals and throw on the screen a number of colored slides 
showing some of the large copper, manganese, and tin mines and primitive 
methods in recovering diamonds, rutile, mica, and quartz crystals. 


USE OF THE GEIGER-MUELLER COUNTER IN THE SEARCH 
FOR PITCHBLENDE-BEARING VEINS AT GREAT 
BEAR LAKE, CANADA. 


G. CARMAN RIDLAND.* 


In conjunction with a geological’ investigation of the silver-bearing 
veins at Contact Lake, Northwest Territories, Canada, a survey was made 
with a Geiger-Mueller counter of the gamma-ray emissions from the 
rocks in the vicinity of the mine workings. Discontinuous pitchblende 
veins have been encountered occasionally in the silver-bearing fissures, and 


* Research Engineer, Johns-Manville Corporation; formerly Resident Geologist, 
Bear Exploration and Radium, Ltd. 
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the geophysical survey was undertaken with the hope that abnormally high 
gamma-ray intensities, if detected, might lead to larger and more con- 
tinuous pitchblende discoveries. Before the instrument was used at Con- 
tact Lake, preliminary tests were made, first, with laboratory specimens 
at Princeton University, and later, over known pitchblende deposits at 
the Eldorado property, LaBine Point, N.W.T. The Geiger-Mueller 
counter, as adapted for field use, is described; the technique of trans- 
porting and operating the instrument is outlined; and the general pre- 
cautions to be observed are discussed. The results obtained at Great 
Bear Lake show that the instrument is capable of detecting not only a 
pitchblende ore-shoot in a shear zone, but also the mildly radioactive “host 
rock” at a considerable distance from the ore body. Hence use of the 
Geiger-Mueller counter is urged, not just for the detailed search for an 
ore body in a shear zone, but for the detection of possible radioactive 
“host rocks” in large-scale reconnaissance surveys of unexplored regions 
made by prospectors and members of federal geological survey parties. 


























































SCIENTIFIC NOTES AND NEWS 





Tue GuLF FELLOWSHIP IN GEOLOGY 


Announcement is made of the establishment by the Gulf Oil Corpora- 
tion of a Fellowship in Geology at the University of Chicago. First 
award of this Fellowship will be made for the school year 1943-44 pro- 
vided qualified candidates are available under war conditions. 

The Fellowship stipend will approximate $1200 a year, the Gulf Cor- 
poration contributing $900 and the University making available additional 
funds or allowances equivalent to the tuition requirements, namely $300. 

The initial award will be in the field of Sedimentation and candidates 
must have had the equivalent of at least a year of graduate work in 
geology at an institution of recognized standing. The Fellowship holder 
will be expected to devote part of his time to research in sedimentation. 
The Fellowship may be renewed on recommendation of the Department. 
Renewal at the end of nine months, rather than at the end of a twelve- 
month period is possible if the Fellow works under an accelerated program. 

Application forms may be obtained from the Department of Geology, 
University of Chicago and must be returned to the University before 
March Ist. The award will be announced April 1st. 

W. S. Bayey, business editor of this Journal for 37 years and business 
manager of the Economic Geology Publishing Co. resigned on November 
16, 1942 because of ill health. His present address is 28 Boulevard, Glen 
Rock, New Jersey. M. M. Leicuton, State Geologist of Illinois, was 
elected Business Manager to replace Dr. Bayley. 

AnToN Gray has left the Selection Trust group of companies of London, 
and has returned to the United States where he is associated with Metals 
Reserve Company. 

CHARLES SCHUCHERT, professor of paleontology and historical geology 
and Director of the Peabody Museum, Emeritus, of Yale University, died 
in New Haven on November 20, 1942. 

W. E. Pratt, since 1937 a member of the Board of Directors and of the 
Executive Committee of Standard Oil Co. (New Jersey), was elected Vice 
President of the company, effective December 1, 1942. 

Tracy GILLETTE, associate geologist, Illinois Geological Survey, died 
November 9, 1942 at Urbana. Previous to joining the Illinois Survey, 
Dr. Gillette was assistant to the chief geologist of the Consolidated Oil 
Corp. of New York City and chief geologist of the Venezuelan Petroleum 
Co., a subsidiary. 

P. E. Barsour, secretary and treasurer of the Mining and Metallurgical 
Society of America, has been granted a wartime leave of absence and is 
now attached to the American Embassy at Lima, Peru. 

G. D. EBERLEIN is junior geologist with the U. S. Geological Survey, 
Washington, D. C. 

T. H. Kuun, geologist for the Magma Copper Co., has been appointed 
assistant professor at the Colorado School of Mines, Golden. 

Batty Wiis of Stanford University has been commissioned by the 
G. S. A. to complete a revision of the geological map of North America 
soon to be published by the Society. 
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